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On October 20, 2004, the Examiner made a final rejection to pending Claims 1 19-127, 
129-132 and 134-138. A Notice of Appeal was filed on January 20, 2005. 

Appellants hereby appeal to the Board of Patent Appeals and Interferences from the last 
decision of the Examiner. A request for a 5 month extension of time is filed concurrently 
herewith. 

The following constitutes Appellants' Brief on Appeal. 
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I* 1 

1. REAL PARTY IN INTEREST 

The real party in interest is Genentech, Inc., South San Francisco, California, by an 
assignment of the patent application U.S. Serial No. 09/941,992, recorded November 16, 2001, at 
Reel 012176 and Frame 0450. 

2. RELATED APPEALS AND INTERFERENCES 

The claims pending in the current application are directed to polynucleotides encoding a 
polypeptide referred to herein as "PR01346". There exist two related patent applications, (1) 
U.S. Serial No. 09/993,748, filed November 14, 2001 (containing claims directed to the 
PR01346 polypeptide), and (2) U.S. Serial No. 09/991,854, filed November 14, 2001 
(containing claims directed to antibodies that bind the PR01346 polypeptide). Both applications 
are also under final rejection from the same Examiner and based upon the same outstanding 
rejection, and appeal of these final rejections is being pursued independently and concurrently 
herewith. 

3. STATUS OF CLAIMS 

Claims 119-127, 129-131 and 135-138 are in this application. 
Claims 1-118, 128 and 132-134 are canceled. 

Claims 1 19-127, 129-131 and 135-138 stand rejected and Appellants appeal the rejection 
of these claims. 

A copy of the rejected claims involved in the present Appeal is provided in the Claims 
Appendix. 

4. STATUS OF AMENDMENTS 

The claims involved in the appeal have been amended by an amendment filed 
concurrently with this appeal brief to cancel Claims 132 and 134. The claims listed in the 
Appendix incorporate this amendment. 
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5. SUMMARY OF CLAIMED SUBJECT MATTER 

The invention claimed in the present application is related to an isolated nucleic acid 
comprising: a nucleic acid sequence encoding the polypeptide of SEQ ID NO:3 14; a nucleic acid 
sequence encoding the polypeptide of SEQ ID NO:314, lacking its associated signal peptide; a 
nucleic acid sequence encoding the extracellular domain of the polypeptide of SEQ ID NO:314; 
the nucleic acid sequence of SEQ ID NO:313, the fulMength coding sequence of the nucleic acid 
sequence of SEQ ID NO: 3 13; or the full-length coding sequence of the cDNA deposited under 
ATCC accession number 203128 (Claims 124-127 and 129-131). The invention is further 
directed to polynucleotides having at least 80%, 85%, 90%, 95%, or 99% nucleic acid sequence 
identity to a nucleic acid sequence encoding the polypeptide of SEQ ID NO:3 14; a nucleic acid 
sequence encoding the polypeptide of SEQ ID NO:314, lacking its associated signal peptide; a 
nucleic acid sequence encoding the extracellular domain of the polypeptide of SEQ ID NO:314; 
the nucleic acid sequence of SEQ ID NO:313, the full-length coding sequence of the nucleic acid 
sequence of SEQ ID NO:3 13; or the full-length coding sequence of the cDNA deposited under 
ATCC accession number 203128 (Claims 1 19-123). The invention is further directed to vectors 
comprising the nucleic acids (Claims 135-136), and to host cells comprising the nucleic acids 
(Claims 137-138). 

The cDNA nucleic acid encoding PR01346 is described in the specification at, for 
example, Example 100, in Figure 227 and in SEQ ID NO:313. The full-length PR01346 
polypeptide is described in the specification at, for example, page 30, line 4 to page 31, line 7, 
page 361, lines 8-26, in Figure 228 and in SEQ ID NO:314. Page 299, lines 1-4 of the 
specification provides the description for Figures 227 and 228. That the PR01346 sequence is a 
TIE ligand homolog is disclosed in the specification at page 31 lines 6-7, and page 361, lines 24- 
26. Methods for isolating PRO cDNA are generally set forth in the specification at, for example 
page 375, line 23, to page 376, line 10. PRO nucleic acid variants having at least about 80% 
nucleic acid sequence identity with a DNA molecule encoding a full length PRO polypeptide 
sequence, a PRO polypeptide sequence lacking the signal peptide, or the extracellular domain of 
a PRO polypeptide are described in the specification at, for example, page 283, line 35, to page 
284, line 12, while PRO nucleic acid variants having at least about 80% sequence identity to a 

-3- 

Appeal Brief 
Application Serial No. 09/989,729 
Attorney's Docket No. 39780-2730 P1C59 



DNA molecule comprising the full length coding sequence of a PRO polypeptide cDNA, are 
described in the specification at, for example, page 284, lines 13-29. PRO nucleic acid variants 
having at least about 80% sequence identity to a DNA molecule that encodes the same mature 
polypeptide encoded by any of the disclosed human cDNAs deposited with the ATCC are 
described in the specification at, for example, 284. line 30, to page 285, line 5. Methods for 
selection and transformation of host cells with PRO cDNA is generally set forth in the 
specification at, for example, page 376, page 12, to page 378, line 6. Methods for selecting a 
vector are generally set forth in the specification at, for example, page 378, line 8, to page 380, 
line 1 1. In particular, the isolation of cDNA clones encoding PRO 1346 is set forth in the 
specification in Example 100, at page 483, line 9, to page 484, line 4. 

Example 151 shows that PRO 1346 tested positive in the mixed lymphocyte reaction 
(MLR) assay, demonstrating that PRO 1346 is active as a stimulator of the proliferation of 
stimulated T-lymphocytes, and therefore would have utility in the treatment of conditions where 
the enhancement of an immune response would be beneficial. 

6. GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

L Whether Claims 1 19-127, 129-131 and 135-138 satisfy the utility requirement of 35 U.S.C. 
§101. 

II. Whether Claims 1 1 9- 1 27, 1 29- 1 3 1 and 1 35- 1 3 8 satisfy the enablement requirement of 35 
U.S.C. § 1 12, first paragraph. 

m. Whether Claims 1 19-127, 129-131 and 135-138 are patentable under 35 U.S.C. §1 02(b) 
over Fernandez et al (WO 00/61754, published October 19, 2000). 

7. ARGUMENT 
Summary of the Arguments: 

Issue I: Utility 

Appellants have previously explained that patentable utility of the PRO 1346 polypeptide 
and the claimed nucleic acids that encode it is based upon the data derived from the mixed 
leukocyte reaction (MLR) assay. The specification discloses that PRO 1346 showed positive 
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activity in the MLR assay (see Example 151). The MLR is a well-established assay for 
evaluating test compounds for their ability to stimulate T-lymphocyte proliferation in vitro. The 
specification explains that compounds which stimulate proliferation of lymphocytes in this assay, 
such as PRO 1346, "are useful therapeutically where enhancement of an immune response is 
beneficial." Stimulators of T-cell proliferation find utility in fighting viral infections, including 
retroviral infections, such as HIV infection or Epstein-Barr infection, as well as in the treatment 
of cancers such as melanoma. 

Appellants have also submitted, with their Response filed September 9, 2004, the 
Declaration of Dr. Sherman Fong. Dr. Fong provides examples of important clinical applications 
for immune stimulants which have been shown to stimulate T-cell proliferation in the MLR 
assay, such as the chemokine IL-12, used in the treatment of melanoma. Dr. Fong concludes that 
"a PRO polypeptide shown to stimulate T-cell proliferation in the MLR assay of the present 
invention with an activity at least 180% of the control, as specified in the present application, is 
expected to have the type of activity as that exhibited by IL-12, and would therefore find practical 
utility as an immune stimulant." 

Appellants submit that the Examiner applied an improper legal standard when making 
this rejection. The applicant does not have to prove that a correlation exists between a particular 
activity and an asserted therapeutic use of a compound as a matter of statistical certainty. The 
evidentiary standard to be used throughout ex parte examination in setting forth a rejection is a 
preponderance of the totality of the evidence under consideration. Thus, to overcome the 
presumption of truth that an assertion of utility by the applicant enjoys, the Examiner must 
establish that it is more likely than not that one of ordinary skill in the art would doubt the truth 
of the statement of utility. Only after the Examiner has made a proper prima facie showing of 
lack of utility, does the burden of rebuttal shift to the applicant. 

The Examiner takes issue with Dr. Fong's statement that "[t]he MLR assay of the present 
application is designed to measure the ability of a test substance to 'drive 1 the dendritic cells to 
induce the proliferation of T-cells that are activated, or co-stimulated in the MLR, and thus 
identifies immune stimulants that can boost the immune system to respond to a particular antigen 
that may not have been immunologically active previously," asserting that this statement is not 

-5- 

Appeal Brief 
Application Serial No. 09/989,729 
Attorney's Docket No. 39780-2730 P1C59 



supported in the specification as filed. Appellants submit that one of skill in the art would have 
understood at the time of filing that (0 molecules which enhanced the proliferation of stimulated 
T-cells would increase the ability of dendritic cells to convert antigens to immunogens, and (ii) 
such stimulatory molecules would allow antigens that were not usually immunogenic, such as 
known melanoma or viral antigens, to become immunogenic. This conclusion would have been 
apparent to the skilled artisan based solely upon knowledge about dendritic cells and their role in 
antigen presentation that was widely known in the art at the time of filing. 

Appellants submit that the Examiner has not shown that it is it is more likely than not that 
one of ordinary skill in the art would doubt the truth of Appellants 1 statement of utility. 
Appellants have provided a Declaration from an expert in the art which supports the statements 
in the specification as filed that molecules such as PRO 1346, which test positive in the MLR 
assay, have therapeutic utility as immunostimulants. The art of record, such as Gubler et al, 
confirms that in vitro assays such as the MLR assay can be successfully used to identify 
compounds having immunomodulatory activity in vivo . The Patent Office has not cited any 
references or other evidence to demonstrate that one of ordinary skill in the art would find it 
more likely than not that molecules which test positive in the disclosed MLR assay would not 
have real-world therapeutic utility. Thus the Patent Office has failed to meet its initial burden of 
proof that Appellants' claims of utility are not substantial or credible. 

Accordingly, Appellants submit that when the proper legal standard is applied, one 
should reach the conclusion that the present application discloses at least one patentable utility 
for the claimed nucleic acids encoding PRO 1346. 

Issue II: Enablement 

Claims 1 19-127, 129-131 and 135-138 stand rejected under 35 U.S.C. §112, first paragraph, 
allegedly "since the claimed invention is not supported by a specific, substantial and credible 
asserted utility or a well established utility for the reasons set forth above, one skilled in the art 
clearly would not know how to use the claimed invention." (Page 5 of the Office Action mailed 
March 9, 2004). The Examiner has further asserted that- "the breadth of the claims is excessive with 
regard to claiming all . . .proteins which are 'at least 80% identical to SEQ ID NO:314\" (Page 4 of 
the Office Action mailed October 20, 2004). 
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Appellants submit that, as discussed above, the MLR assay demonstrates utility for the 
PR0314 polypeptide and the claimed nucleic acids that encode it for the treatment of conditions 
where the stimulation of lymphocyte proliferation would be desirable, including viral infections 
such as HIV and Epstein-Barr, and cancers such as melanoma. Based on such a utility, one of 
skill in the art would know exactly how to use the claimed nucleic acids for the treatment of viral 
infections and cancer, without any undue experimentation. 

Appellants note that the claimed variants, in addition to having at least 80% nucleic acid 
sequence identity to SEQ ID NO:313 which encodes PR01346, also have the functional 
limitation that " said polypeptide encoded by said nucleic acid is an immunostimulant .' 1 Thus the 
claimed variants all share the disclosed utility of the PRO 1346 polypeptide as an 
immunostimulant . The specification provides ample guidance to allow the skilled artisan to 
identify those nucleic acid variants which meet the limitations of the claims, including a detailed 
protocol for the MLR assay. The specification also provides detailed guidance as to how to 
identify and make nucleic acids having at least 80% amino acid sequence identity to SEQ ID 
NO: 3 13. Accordingly, one of ordinary skill in the art would understand how to make and use the 
recited nucleic acid variants without any undue experimentation. 

Issue III: Anticipation by Fernandez et al* WO 00/61754 

Claims 119-127, 129-131 and 135-138 stand rejected under 35 U.S.C. §102 as being 
anticipated by Fernandez et al (WO 00/61754, published October .19, 2000). 

The instant application claims priority to PCT7US00/05841, which discloses data 
generated in an MLR assay that establish a patentable utility for the claimed invention. 
PCT/USOO/05841 was filed March 2, 2000, over seven months before the publication date of 
Fernandez et al The instant application has not been granted the earlier priority date on the 
grounds that "a review of the instant application and this assay do not lead to a conclusion of 
utility based on this assay' 1 , and therefore, priority to the PCT application is not afforded (Page 2 
of the Office Action mailed October 20, 2004). Appellants respectfully submit that as discussed 
above under Issues I and n, the presently claimed invention is supported by a specific, substantial 
and credible utility and, therefore, the present specification teaches one of ordinary skill in the art 
"how to use" the claimed invention without undue experimentation. Accordingly, the instant 
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1 



application is entitled to at least the effective filing date of March 2, 2000, and thus Fernandez et 
al is not prior art. 

These arguments are all discussed in further detail below under the appropriate headings. 

ISSUE I: Claims 119-127, 129-131 and 135-138 satisfy the utility requirement of 35 USC 
§101 

Claims 119-127, 129-131 and 135-138 stand rejected under 35 U.S.C. §101 because 
allegedly "the claimed invention is not supported by a specific, substantial and credible asserted 
utility or a well established utility." (Page 3 of the Office Action mailed March 9, 2004). 

Appellants submit, for the reasons set forth below, that the specification discloses at least 
one credible, substantial and specific asserted utility for the claimed nucleic acids encoding 
PRO 1346 polypeptides. 

A. The Legal Standard for Utility 

According to 35 U.S.C. §101: 

Whoever invents or discovers any new and useful process, machine, manufacture, or 
composition of matter, or any new and useful improvement thereof, may obtain a 
patent therefor, subject to the conditions and requirements of this title. (Emphasis 
added.) 

In interpreting the utility requirement, in Brenner v. MansonJ the Supreme Court held 
that the quid pro quo contemplated by the U.S. Constitution between the public interest and the 
interest of the inventors required that a patent applicant disclose a "substantial utility" for his or 
her invention, i.e. a utility "where specific benefit exists in currently available form." 2 The Court 
concluded that "a patent is not a hunting license. It is not a reward for the search, but 
compensation for its successful conclusion. A patent system must be related to the world of 
commerce rather than the realm of philosophy." 3 



1 Brenner v. Manson, 383 U.S. 519, 148 U.S.P.Q. (BNA) 689 (1966). . 

2 Id. at 534, 148 U.S.P.Q. (BNA) at 695. 

3 Id. at 536, 148 U.S.P.Q. (BNA) at 696. 
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Later, in Nelson v. Bowler, 4 the C.C.P.A. acknowledged that tests evidencing 
pharmacological activity of a compound may establish practical utility, even though they may not 
establish a specific therapeutic use. The court held that "since it is crucial to provide researchers 
with an incentive to disclose pharmaceutical activities in as many compounds as possible, we 
conclude adequate proof of any such activity constitutes a showing of practical utility." 5 

In Cross v. Iizuka, 6 the C.A.F.C. reaffirmed Nelson, and added that in vitro results might 
be sufficient to support practical utility, explaining that "in vitro testing, in general, is relatively 
less complex, less time consuming, and less expensive than in vivo testing. Moreover, in vitro 
results with the particular pharmacological activity are generally predictive of in vivo test results, 
i.e. there is a reasonable correlation there between." 7 The court perceived "No insurmountable 
difficulty" in finding that, under appropriate circumstances, "in vitro testing, may establish a 
practical utility." 8 

Furthermore, M.P.E.P. §2107.03 (HI) states that: 

"If reasonably correlated to the particular therapeutic or pharmacological utility, data 
generated using in vitro assays, or from testing in an animal model or a combination 
thereof almost invariably will be sufficient to establish therapeutic or pharmacological 
utility for a compound, composition or process." 

Thus, the legal standard recognizes that in vitro or animal model data is acceptable to 
establish utility as long as the data is "reasonably correlated" to the pharmacological utility 
described. 

The case law has also clearly established that applicants 1 statements of utility are usually 
sufficient, unless such statement of utility is unbelievable on its face. 9 The PTO has the initial 



4 Nelson v. Bowler, 626 F.2d 853, 206 U.S.P.Q. (BNA) 881 (C.C.P.A. 1980). 

5 Id. at 856, 206 U.S.P.Q. (BNA) at 883. 

6 Cross v. Iizuka, 753 F.2d 1047, 224 U.S.P.Q. (BNA) 739 (Fed. Cir. 1985). 

7 Id. at 1050, 224 U.S.P.Q. (BNA) at 747. 

8 Id 

9 In re Gazave, 379 F.2d 973, 154 U.S.P.Q. (BNA) 92 (C.C.P.A. 1967). 

-9- 

Appeal Brief 
Application Serial No. 09/989,729 
Attorney's Docket No. 39780-2730 P1C59 



burden to prove that applicants' claims of usefulness are not believable on their face. In 
general, an Applicant's assertion of utility creates a presumption of utility that will be sufficient 
to satisfy the utility requirement of 35 U.S. C. §101, "unless there is a reason for one skilled in the 
art to question the objective truth of the statement of utility or its scope." 11 ' 12 

Compliance with 35 U.S.C. §101 is a question of fact. 13 The evidentiary standard to be 
used throughout ex parte examination in setting forth a rejection is a preponderance of the 
totality of the evidence under consideration. 14 Thus, to overcome the presumption of truth that 
an assertion of utility by the applicant enjoys, the Examiner must establish that it is more likely 
than not that one of ordinary skill in the art would doubt the truth of the statement of utility. 
Only after the Examiner made a proper prima facie showing of lack of utility, does the burden of 
rebuttal shift to the applicant. The issue will then be decided on the totality of evidence. 

The well established case law is clearly reflected in the Utility Examination Guidelines 
("Utility Guidelines") 15 , which acknowledge that an invention complies with the utility 
requirement of 35 U.S.C. §101, if it has at least one asserted "specific, substantial, and credible 
utility" or a "well-established utility." Under the Utility Guidelines, a utility is "specific" when it 
is particular to the subject matter claimed. For example, it is generally not enough to state that a 
nucleic acid is useful as a diagnostic without also identifying the conditions that are to be 
diagnosed. 

In explaining the "substantial utility" standard, M.P.E.P. §2107.01 cautions, however, 
that Office personnel must be careful not to interpret the phrase "immediate benefit to the public" 
or similar formulations used in certain court decisions to mean that products or services based on 



11 In re hanger, 503 F.2d 1380,1391, 183 U.S.P.Q. (BNA) 288, 297 (C.C.P.A. 1974). 

12 See also In re Jolles,.62S F.2d 1322, 206 U.S.P.Q. 885 (C.C.P.A. 1980); In re Irons, 340 F.2d 974, 144 
U.S.P.Q. 351 (1965); In reSichert, 566 R2d 1154, 1 159, 196 U.S.P.Q. 209, 212-13 (C.C.P.A. 1977). 

13 Raytheon v. Roper, 724 F.2d 951, 956, 220 U.S.P.Q. (BNA) 592, 596 (Fed. Cir. 1983) cert, denied, 469 
US 835 (1984). 

14 In re Oetiker, 977 F.2d 1443, 1445, 24 U.S.P.Q.2d (BNA) 1443, 1444 (Fed. Cir. 1992). 

15 66 Fed. Reg. 1092(2001). 
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the claimed invention must be "currently available" to the public in order to satisfy the utility 
requirement. "Rather, any reasonable use that an applicant has identified for the invention that 
can be viewed as providing a public benefit should be accepted as sufficient, at least with regard 
to defining a 'substantial 5 utility." 16 Indeed, the Guidelines for Examination of Applications for 
Compliance With the Utility Requirement, 17 gives the following instruction to patent examiners: 
"If the applicant has asserted that the claimed invention is useful for any particular practical 
purpose . . . and the assertion would be considered credible by a person of ordinary skill in the 
art, do not impose a rejection based on lack of utility." 

B. Proper Application of the Legal Standard 

Appellants respectfully submit that Appellants rely on data from the mixed leukocyte 
reaction (MLR) assay for patentable utility of the PR01346 polypeptides and the claimed nucleic 
acids that encode them, and that the MLR assay data for the PRO 1346 polypeptide is clearly 
disclosed in the instant specification under Example 151. The positive result for PRO 1346 in the 
MLR assay, described in Example 151, at page 525 of the specification, demonstrates that 
PR01346 is active as a stimulator of the proliferation of stimulated T-lymphocytes. 

The MLR is a well-established assay for evaluating test compounds, such as the 
PRO 1346 polypeptide, for their ability to stimulate T-lymphocyte proliferation in vitro, and 
consequently, for assessing the immune response of an individual. The MLR assay is well- 
described in standard textbooks, including, for example, Current Protocols in Immunology, unit 
3.12; edited by J E Coligan, A M Kruisbeek, D H Marglies, E M Shevach, W Strober, National 
Institutes of Health, Published by John Wiley & Sons, Inc., which is referenced in Example 74, 
and the entire content of which is expressly incorporated by reference into the disclosure of the 
present application (see page 525, lines 6-8). In brief, in this method, an immune response 
results upon mixing T-cells from antigenically distinct individuals under cell culture conditions. 
An MLR reaction can be monitored quantitatively by, for example, following the incorporation 



M.P.E.P. §2107.01. 
M.P.E.P. §2107 II (B)(1). 
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of tritiated thymidine during DNA synthesis, or by observing blast formation, or by other 
methods well known in the art. 

According to the specification, positive increases over control in this assay are considered 
to be positive results, with increases of greater than or equal to 180% being preferred. However, 
any value greater than control indicates a stimulatory effect for the test protein. PRO 1346 (SEQ 
ED NO:314) tested positive in this assay, using the described criteria. Example 151 further 
explains that compounds which stimulate proliferation of lymphocytes in this assay "are useful 
therapeutically where enhancement of an immune response is beneficial." Accordingly, 
PRO 1346 has utility in the treatment of conditions where the stimulation of lymphocyte 
proliferation would be desirable. 

In further support of utility based upon the MLR assay, Appellants have submitted (with 
their Response filed September 9, 2004) the Declaration of Sherman Fong, Ph.D. Dr. Fong is an 
inventor of the above-identified patent application, and an experienced scientist familiar with the 
MLR assay, which was used by him and others under his supervision, to test the immune 
stimulatory or immune inhibitory activity of novel polypeptides discovered in Genentech's 
Secreted Protein Discovery Initiative project, including PR01346. 

The Fong Declaration explains how the MLR reaction was performed in the instant 
application using peripheral blood mononuclear cells (PBMCs), which contain responder T-cells, 
and allogenic, pre-treated (irradiated) PBMCs, which predominantly contained dendritic cells. 
Dr. Fong proceeds to explain (paragraph 7 of the Declaration) that dendritic cells are potent 
antigen-presenting cells that are able to "prime native T cells in vivo" Once activated by 
dendritic cells, the T-cells are capable of interacting with other antigen-presenting cells (B cells 
and macrophages) to produce additional immune responses from these cells. 

As Dr. Fong states, the MLR assay of the present application, 

is designed to measure the ability of a test substance to "drive" the dendritic cells 
to induce the proliferation of T-cells that are activated, or co-stimulated in the 
MLR, and thus identifies immune stimulants that can boost the immune system to 
respond to a particular antigen that may not have been immunologically active 
previously. (Paragraph 8 of the Fong Declaration.) 

As Dr. Fong emphasizes, immunostimulants are important and highly desirable in the 

treatment of cancer and in enhancing the effectiveness of previously identified treatments for 
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cancer. Supportive evidence also comes from teachings in the art such as Steinman et al 
(submitted as Exhibit B with the Response filed September 9, 2004) who state that ". . .medicine 
needs therapies that enhance immunity or resistance to infections and tumors" (page 1, 
column 1, line 7; emphasis added). 

In paragraph 9 of his Declaration, Dr. Fong provides examples of important clinical 
applications for immune stimulants which have been shown to stimulate T-cell proliferation in 
the MLR assay. As Dr. Fong explains, 

EL- 12 is a known immune stimulant, which has been shown to stimulate T-cell 
proliferation in the MLR assay. EL- 12 was first identified in just such an MLR 
[Gubler et al. PNAS 88 , 4143 (1991) (Exhibit C)]. In a recent cancer vaccine 
trial, researchers from the University of Chicago and Genetics Institute 
(Cambridge, MA) have demonstrated the efficacy of the approach, relying on the 
immune stimulatory activity of IL-12, for the treatment of melanoma. [Peterson et 
al. Journal of Clinical Oncology 21 (12). 2342-48 (2003) (Exhibit D)] They 
extracted circulating white blood cells carrying one or more markers of melanoma 
cells, isolated the antigen, and returned them to the patients. Normally patients 
would not have an immune response to his or her own human antigens. The 
patients were then treated with different doses of EL- 12, an immune stimulant 
capable of inducing the proliferation of T cells that have been co-stimulated by 
dendritic cells. Due to the immune stimulatory effect of IL-12, the treatment 
provided superior results in comparison to earlier work, where patients' own 
dendritic cells were prepared from peripheral blood mononuclear cells (PBMCs), 
treated with antigens, then cultured in vitro and returned to the patient to stimulate 
anti-cancer response. [Thurner et al. J. Exp. Med. 190 (1 1), 1669-78 (1999) 
(Exhibit E)]. 

Dr. Fong concludes that (paragraph 10): 

It is my considered scientific opinion that a PRO polypeptide shown to stimulate 
T-cell proliferation in the MLR assay of the present invention with an activity at 
least 180% of the control, as specified in the present application, is expected to 
have the type of activity as that exhibited by IL-12, and would therefore find 
practical utility as an immune stimulant. 

Accordingly, the positive results obtained in this assay clearly establish the 
immunostimulant utility for the polypeptides claimed in the present application, and the 
specification, in turn, enables one skilled in the art to use the compounds for the asserted 
purpose. 
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Appellants submit that the teachings of the specification are properly evaluated through 
the eyes of one skilled in the pertinent art at the effective filing date of the present application. In 
1998 it was well known in the art, as it is today, that T-cells are highly important in the body's 
natural defense mechanisms for fighting infections. For example, viral infections, such as HIV 
infection, are well known to result in reduced T cell count. Indeed, the count of T-cell 
lymphocytes is a generally accepted measure of the extent and seriousness of HIV infection and 
resultant AIDS. Accordingly, stimulators of T-cell proliferation find utility in fighting viral 
infections, including retroviral infections, such as HIV infection or Epstein-Barr infection. 

It was also well known at the time of filing that T cells can recognize tumor antigens and 
kill tumors. See, for example. Thurner et a/., J. Exp. Med. 190:1669-1678 (1999) (submitted as 
Exhibit E with the Response filed September 9, 2004), which describes experimental procedures 
designed to treat melanoma by boosting the immune response. Accordingly, one of skill in the 
art at the time of filing would have expected immunostimulant molecules such as PRO 1346 to 
also have utility in the treatment of cancers such as melanoma. 

As discussed above, the legal standard is that in vitro results are acceptable to 
demonstrate utility. Further, the data derived from the MLR assay is "reasonably correlated" to 
the asserted pharmacological utility, because one of ordinary skill in the art would understand, 
based upon the discussion above, that molecules showing immunostimulant activity as measured 
in the MLR assay would be useful in the treatment of conditions where the stimulation of 
lymphocyte proliferation would be desirable, including viral infections such as HIV and Epstein- 
Barr, and cancers such as melanoma. Accordingly, a valid case for utility has been made and 
would be considered credible by a person of ordinary skill in the art. 

C. A prima facie case of lack of utility has not been established 

As a preliminary matter, Appellants submit that, as discussed above, the evidentiary 
standard to be used throughout ex parte examination of a patent application is a preponderance of 
the totality of the evidence under consideration. Accordingly, Appellants submit that in order to 
overcome the presumption of truth that an assertion of utility by the applicant enjoys, the 
Examiner must establish that it is more likely than not that one of ordinary skill in the art would 
doubt the truth of the statement of utility. With respect to asserted therapeutic utilities based 
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upon in vitro data, an applicant "does not have to prove that a correlation exists between a 
particular activity and an asserted therapeutic use of a compound as a matter of statistical 
certainty. 1 ' 18 The law requires only that one skilled in the art should accept that such a correlation 
is more likely than not to exist. Appellants respectfully submit that when the proper evidentiary 
standard is applied, a correlation must be acknowledged. 

The Examiner has asserted that "this [Fong] Declaration is insufficient to overcome the 
holding of lack of utility based on results of the MLR assay." In particular, the Examiner takes 
issue with Dr. Fong ? s statement that "[t]he MLR assay of the present application is designed to 
measure the ability of a test substance to "drive" the dendritic cells to induce the proliferation of 
T-cells that are activated, or co-stimulated in the MLR, and thus identifies immune stimulants 
that can boost the immune system to respond to a particular antigen that may not have been 
immunologically active previously." The Examiner states that "[t]his is not what the instant 
specification asserts at pages 204-206. There is no mention in the instant specification about 
boosting the immune system 'to respond to a particular antigen that may not have been 
immunologically active previously'." The Examiner asserts that "Dr. Fong is reading the results 
of the Peterson et al. reference into the disclosure of the instant specification," and that because 
this reference was not available at the time the instant application was filed, "reliance on the 
methods and results of this reference is improper." (Page 3 of the Office Action mailed October 
20,2004.) 

Appellants submit that the statements of Dr. Fong regarding the purpose of the MLR 
assay described in the instant specification are not based upon the Peterson et al reference, but 
upon evidence regarding the properties of antigens and antigen presenting cells that was well 
know in the immunological art at the time the instant application was filed. 

The specification discloses that the stimulator cells used in the MLR assay were treated 

with 3000 Rads of radiation. As explained in the Fong Declaration, 

This irradiation is done in order to create a sample of cells that has mainly 
dendritic cells. It is known that the dendritic cell population among the PBMCs 
are differentially affected by irradiation. At low doses (500-1000 Rad), the 

18 M.P.E.P. §2107.03. 
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proliferation of most cells, including the B cells in the PBMCs, is preserved, 
however, at doses above 2000 Rad, this function of B cells is abolished. Dendritic 
cells on the other hand, maintain their antigen presentation function even at a 
3000 Rad dose of radiation. 

Thus one of ordinary skill in the art, upon reading that the cells were treated with 3000 Rads, 

would have understood that, as a consequence of that treatment, the stimulator cells would be 

predominantly dendritic cells (DCs). 

It was well known at the time of filing that, as disclosed in Steinman et aL, "[t]he best 
studied function of DCs is to convert antigens into immunogens for T cells" (Abstract). 
Appellants note that article by Steinman et aL, published December 2000, is a review article that 
provides an accurate indication as to what was known in the art at the instant application's 
asserted priority date of March 2000. It was also the case that "protein antigens often are known 
for a tumor-like melanoma, or for a virus like HIV-1 whose genetic sequence has been 
available," but that these antigens needed to become immunogenic, that is, capable of 
inducing a T cell response (Steinman et al, page 585, col. 1; emphasis added). The use of DCs 
in therapeutic treatment for melanoma was already being tested in clinical trials around priority 
date of the instant application, as evidenced, for example, by Thurner et aL 9 whose results were 
completed and published by 1999. Steinman et al. further disclose that "[i]n order for an antigen 
to become a strong immunogen, one needs to provide a stimulus for the final maturation of the 
DCs," explaining that most DCs in the body "are in an immature state and lack features 
leading to a strong T cell response" (page 585, col. 2; emphasis added). 

Thus one of skill in the art would have understood at the time of filing that (i) molecules 
which enhanced the proliferation of stimulated T-cells would increase the ability of DCs to 
convert antigens to immunogens, and (ii) such stimulatory molecules would allow antigens that 
were not usually immunogenic, such as the melanoma or viral antigens described above, to 
become immunogenic. Therefore, while the specification does not use the precise language that 
the purpose of the MLR assay was to identify molecules capable of boosting the immune system 
"to respond to a particular antigen that may not have been immunologically active previously," 
the structure of the assay, which is designed to find molecules that increase DC-induced T-cell 
proliferation, is clearly intended to find precisely such molecules. This conclusion would have 
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been apparent to the skilled artisan based solely upon knowledge about DCs and their role in 
antigen presentation that was widely known in the art at the time of filing. 

The Examiner has also disputed the relevance of the Gubler et al. article, cited by Dr. 
Fong in his Declaration as providing an example in which the MLR assay was used to identify a 
molecule, IL-12, that was proven to also have in vivo immunostimulant activity. The Examiner 
has asserted that "a review of Gubler et al. does not reveal the use of MLR in evaluating the 
biological effects of IL-12' 1 and adds that "further work of researchers regarding IL-12 was not 
based on the results of a single assay, being the MLR, but rather by a body of work which 
provides for a number of biological activities of IL-12, which are not disclosed for the claimed 
invention". (Page 3 of the Office Action mailed October 20, 2004.) 

Gubler et al. identified CLMF (Cytokine Lymphocyte Maturation Factor), a 
heterodimeric lymphokine, and designated it as interleukin 12. Gubler et al. reported the 
molecular cloning and expression of CLMF (see column 1, last line and Materials and Methods), 
and performed two biological assays: (i) the T-cell growth factor assay (see Table 1 and Fig. 3 
(upper panel) and (ii) the LAK (lymphokine activated killer) cell induction assay. In the T-cell 
growth factor assay, PHA-activated lymphoblasts prepared from human PBMCs were used to 
measure lymphoblast proliferation in a tritiated thymidine assay very similar to the instant MLR 
assay (see legend of Table 1). Table 1 summarizes the results and demonstrates that the two 
subunits, 35 kDa and 40 kDa of CLMF together showed the highest incorporation (58,615 cpm 
and 38,361 cpm incorporation for 1:20 and 1:100 dilution). As Gubler et al. discloses in column 
1, page 4143: "we initiated a search for novel cytokines that would synergize with suboptimal 
concentrations of recombinant IL-2 to activate cytotoxic lymphocytes in vitro and thus might 
have synergistic immunoenhancing effects when administered together with recombinant IL-2 
in vivo. This led to the identification of a factor, designated CLMF". 

Therefore, while Gubler et al. did not use the same MLR assay as disclosed in the instant 
specification, they used a similar in vitro assay of T-cell proliferation, confirming Appellants 1 
assertion that such in vitro systems are predictive of in vivo efficacy . Further, Appellants submit 
that the "body of work" performed by Gubler et al. was CLMF cDNA cloning, expression, and 
computer searches for homology, which are routine experiments done to characterize any novel 
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protein and do not represent "a number of biological activities. 11 The only other biological assay 
performed in this study was the "LAK cell induction assay" discussed above. The activation of 
lymphocytes in an in vitro T-cell proliferation assay similar to the MLR assay was sufficient for 
the authors to conclude that CLMF/IL-12 was an immunoenhancing agent that could be 
administered in vivo . 

The Examiner asserts that there is allegedly "no evidence of record which correlates an 
activity of at least 180% of control as predictive of an activity of IL-12. It is not clear from what 
data this conclusion is derived. Therefore, the Declaration is not persuasive to overcome the 
holding of a lack of utility for the claimed invention based on the MLR assay" (Pages 3-4 of the 
Office Action mailed October 20, 2004). 

The case law has clearly established that in considering affidavit evidence, the Examiner 
must consider all of the evidence of record anew. 19 "After eviderice or argument is submitted by 
the applicant in response, patentability is determined on the totality of the record, by a 
preponderance of the evidence with due consideration to persuasiveness of argument." 

Furthermore, the Federal Court of Appeals held in In re Alton, "We are aware of no reason why 

• • • 9i 

opinion evidence relating to a fact issue should not be considered by an examiner." Applicants 

also respectfully draw the Examiner's attention to the Utility Examination Guidelines 22 which 

state, "Office personnel must accept an opinion from a qualified expert that is based upon 

relevant facts whose accuracy is not being questioned; it is improper to disregard the opinion 

solely because of a disagreement over the significance or meaning of the facts offered." The 

statement in question from an expert in the field (the Fong Declaration) states that "(i)t is my 

considered scientific opinion that a PRO polypeptide shown to stimulate T-cell proliferation in 

the MLR assay of the present invention with an activity of at least 180% of the control is 

19 In reRinehart, 531 F.2d 1084, 189 U.S.P.Q. 143 (C.C.P.A, 1976); In re Piasecki, 745 F.2d. 1015, 226 
U.S.P.Q. 881 (Fed. Cir. 1985). 

20 In re Alton, 37 U.S.P.Q.2d 1578, 1584 (Fed. Cir. 1996) (quoting In re Oetiker, 911 F.2d 1443, 1445, 24 
U.S.P.Q.2d 1443, 1444 (Fed. Cir. 1992)). 

21 In re Alton, supra. 

22 Part IIB, 66 Fed. Reg. 1098 (2001). 
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expected to have the type of activity as that exhibited by IL-12, and would therefore find practical 
utility as an immune stimulant." Therefore, barring evidence to the contrary regarding the above 
statement in the Fong Declaration, this rejection is improper under both the case law and the 
Utility guidelines. 

In summary, Appellants respectfully submit that the Examiner has not shown that it is it 
is more likely than not that one of ordinary skill in the art would doubt the truth of Appellants' 
statement of utility. As discussed above, Appellants have provided a Declaration from an expert 
in the art which supports the statements in the specification as filed that molecules such as 
PRO 1346, which test positive in the MLR assay, have therapeutic utility as immunostimulants. 
The art of record, such as Gubler et aL, confirms that in vitro assays such as the MLR assay can 
be successfully used to identify compounds having immunomodulatory activity in vivo. Further, 
the disclosed MLR assay is one which one of skill art would understand, based upon knowledge 
available at the time of filing, is useful to identify molecules capable of boosting the immune 
system to respond to viral or tumor antigens that may not have been immunologically active 
previously. The Patent Office has not cited any references or other evidence to demonstrate that 
one of ordinary skill in the art would find it more likely than not that molecules which test 
positive in the disclosed MLR assay would not have real-world therapeutic utility. Thus the 
Patent Office has failed to meet its initial burden of proof that Appellants 1 claims of utility are not 
substantial or credible. 

For the reasons given above, Appellants respectfully submit that the results of the MLR 
assay as shown in Example 151 of the present specification provide a specific, substantial and 
credible utility under 35 U.S.C. §101 for the claimed invention. 

ISSUE II: Claims 119-127, 129-131 and 135-138 satisfy the enablement requirement of 35 
USC $112, first paragraph. 

Claims 119-127, 129-131 and 135-138 stand rejected under 35 U.S.C. §112, first paragraph, 
allegedly "since the claimed invention is not supported by either a specific and substantial asserted 
utility or a well established utility for the reasons set forth above, one skilled in the art clearly would 
not know how to use the claimed invention." (Page 5 of the Office Action mailed March 9, 2004). 
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In this regard, Appellants refer to the arguments and information presented above in 
response to the issue of utility, wherein those arguments are incorporated by reference herein. 
Appellants submit that, as discussed above, the MLR assay demonstrates utility for the PR01346 
polypeptide for the treatment of conditions where the stimulation of lymphocyte proliferation 
would be desirable, including viral infections such as HIV and Epstein-Barr, and cancers such as 
melanoma. Based on such a utility, one of skill in the art would know exactly how to use the 
claimed nucleic acids encoding PRO 1346 for the treatment of conditions where enhancement of 
an immune response is beneficial, without any undue experimentation. 

Claims 119-123 

The Examiner has further asserted that even if the claims possessed utility under 35 
U.S.C. §101, claims 1 19-123 would still be rejected under 35 U.S.C. §112, first paragraph, 
because "the breadth of the claims is excessive with regard to claiming all ... proteins which are 
'at least 80% identical' to SEQ ID NO:314, or those which 'hybridize' under stringent conditions 
to SEQ ID NO:313, including those only 10 bases in length." (Page 4 of the Office Action 
mailed October 20, 2004). Appellants note that Claims 132 and 134, directed to sequences 
which hybridize under stringent condition to SEQ ID NO:313, have been canceled by an 
amendment filed concurrently with this brief; thus the rejection as it pertains to hybridizing 
sequences is moot. 

Appellants note that the claimed variants all share the functional limitation that " said 
polypeptide encoded by said nucleic acid is an immunostimulant ." Example 151 of the present 
application provides detailed protocols for the MLR assay, including the extensive step-by-step 
guidance from Current Protocols in Immunology, which is explicitly incorporated into the 
specification by reference. By following the disclosure in the specification, one skilled in the art 
can easily test whether a polypeptide encoded by a variant PRO 1346 nucleic acid has 
immunostimulant activity. The specification further describes methods for the determination of 
percent identity between two nucleic acid sequences. (See page 309, line 1, to page 310, line 29). 
In fact, the specification teaches specific parameters to be associated with the term "percent 
identity" as applied to the present invention. Accordingly, one of skill in the art could identify 
whether a variant PRO 1346 sequence falls within the parameters of the claimed invention. 
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Methods of isolating nucleic acid sequences encoding PRO polypeptides and polypeptide 
variants are described in the specification at, for example, page 375, line 23, to page 376, line 10; 
page 381, lines 9-26; and page 514, lines 9-20. 

The Examiner has asserted that "Applicants have provided no guidance as to what critical 
residues are required to maintain the functional characteristics of the protein of SEQ ED 
NO:3 14." " Appellants submit that the specification provides detailed guidance as to changes that 
may be made to a PRO polypeptide without adversely affecting its activity (page 371, line 6, to 
page 373, line 17). This guidance includes a listing of exemplary and preferred substitutions for 
each of the twenty naturally occurring amino acids (Table 6, page 372). 

Therefore, Appellants respectfully submit that the specification provides ample guidance 
such that one of skill in the art could readily make nucleic acid sequences encoding PR01346 
polypeptide variants likely to conserve the immunostimulant function of PRO 1346. One of skill 
in the art can test a variant polypeptide to confirm that it has immunostimulant activity by the 
methods set forth in Example 151. Furthermore, one of ordinary skill in the art has a sufficiently 
high level of technical competence to identify nucleic acid sequences with at least 80% identity 
to SEQ ID NO: 3 13. Accordingly, one of ordinary skill could practice the claimed invention 
without undue experimentation. 

The claims currently recite nucleic acids encoding polypeptide sequences associated with 
a specific biological activity. This biological activity together with the well defined relatively 
high degree of sequence identity and general knowledge in the art at the time the invention was 
made, sufficiently defines the claimed genus such that, one skilled in the art, at the effective date 
of the present application, would have known how to make and use the claimed nucleic acid 
sequences without undue experimentation. As the M.P.E.P. states, "[t]he fact that 
experimentation may be complex does not necessarily make it undue, if the art typically engages 
in such experimentation." 23 



23 M.P.E.P. §2164.01 citing In re Certain Limited-charge Cell Culture Microcarriers, 221 U.S.P.Q. 1165, 
1 1 74 (Infl Trade Comrrin 1983), aff sub nom. Massachusetts Institute of Technology v. A.B. Fortia, 774 F 2d 1 104, 
227 U.S.P.Q. 428 (Fed. Cir. 1985). 
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As discussed above, a considerable amount of experimentation is permissible, if it is 
merely routine. Applicants submit that the identification of variant PR01346 nucleic acids 
having at least 80% identity to SEQ ID NO:313, wherein the encoded polypeptide is an 
immunostimulant, can be performed by techniques that were well known in the art at the priority 
date of this application, and that the performance of such work does not require undue 
experimentation. 

Accordingly, Appellants respectfully request reconsideration and reversal of the 
enablement rejections of Claims 119-127, 129-131, and 135-138 under 35 U.S.C. §112, first 
paragraph. 

ISSUE III: Claims 119-127, 129-131 and 135-138 are not anticipated under 35 U.S.C. §102 
by Fernandez et al, WO 00/61754 

Claims 119-127, 129-131 and 135-138 stand rejected under 35 U.S.C. § 102(b) as being 
anticipated by Fernandez et ai 9 WO 00/61754, published on October 19, 2000. 

Appellants submit that, as discussed above in response to the outstanding rejections under 
35 U.S.C. §101 and 35 U.S.C. §112, first paragraph, for alleged lack of utility and enablement 
(Issue I and Issue II), Appellants rely on the MLR assay results (Example 151) to establish a 
credible, substantial and specific asserted utility for the polypeptide PRO 1346 and the claimed 
polynucleotides that encode it. These results were first disclosed in PCT/US00/05841, filed 
March 2, 2000. As discussed above, the disclosure of the instant application, which is similar to 
that of the earlier-filed application (PCT/US00/05841), provides the support required under 35 
U.S.C. §112 for the subject matter of the instant claims. Accordingly, Applicants submit that the 
subject matter of the instant claims is disclosed in the manner provided by 35 U.S.C. §1 12 in 
PCT/US00/05841. Therefore, the effective filing date of this application is October 2, 2000, the 
filing date of PCT/US00/05841. 

The PCT patent application by Fernandez et al, WO 00/61754, was published on October 
19, 2000, which is over seven months after the effective filing date of the instant application; 
hence Fernandez et al. is not prior art. 

The Examiner has asserted that "Applicant asserts that PCT/US00/05841, filed March 2, 

200 discloses a MLR (mixed leukocyte reaction) assay and that the data generated in the MLR 
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assay establish patentable utility . . . However, a review of the instant application and this assay 
do not lead to a conclusion of utility based on this assay, and therefore, priority to this PCT 
. . .application is not afforded for the reasons of record." (Page 2 of the Office Action mailed 
October 20, 2004). 

In this regard, Appellants refer to the arguments and information presented above in 
response to the outstanding rejections under 35 U.S.C. §101 and 35 U.S.C. §112, first paragraph, 
for alleged lack of utility and enablement. These arguments are incorporated by reference herein. 
Appellants respectfully submit that as described above under Issue I, the presently claimed 
invention is supported by a specific, substantial and credible utility and, therefore, the present 
specification teaches one of ordinary skill in the art "how to use" the claimed invention without 
undue experimentation, as described above. 

Accordingly, Appellants respectfully request reconsideration and reversal of the rejection 
of Claims 119-127, 129-131 and 135-138 under 35 U.S.C. § 102(b) as being anticipated by 
Fernandez et al. 

CONCLUSION 

For the reasons given above, Appellants submit that the MLR assay disclosed in Example 
151 of the specification provides at least one patentable utility for the nucleic acids of Claims 
1 19-127, 129-131 and 135-138, and that one of ordinary skill in the art would understand how to 
used the claimed nucleic acids, for example in therapeutic applications where enhancement of an 
immune response is beneficial, such as the treatment of viral infections or cancer. Therefore, 
Claims 119-127, 129-131 and 135-138 meet the requirements of 35 U.S.C. §101 and 35 U.S.C. 
§112, first paragraph. Further, this patentable utility for the claimed nucleic acids was first 
disclosed in PCTYUS00/05841, filed March 2, 2000, priority to which is claimed in the instant 
application. Accordingly, the instant application has an effective priority date of March 2, 2000, 
and therefore Fernandez et ai, published on October 19, 2000, is not prior art and does not 
anticipate the claims under 35 U.S.C. §102. 

Accordingly, reversal of all the rejections of Claims 119-127, 129-131 and 135-138 is 
respectfully requested. 
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Please charge any additional fees, including any fees for additional extension of time, or 
credit overpayment to Deposit Account No. 08-1641 (referencing Attorney's Docket No. 
39780-2730P1C59V 

Respectfully submitted, 



Date: August 17, 2005 



HELLER EHRMAN LLP 

275 Middlefield Road 
Menlo Park, California 94025-3506 
Telephone: (650) 324-7000 
Facsimile: (650) 324-0638 



By: &>~~^JL /^t^*-v^ 



Barrie Greene (Reg. No. 46,740) 
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8. CLAIMS APPENDIX 

Claims on Appeal 

119. An isolated nucleic acid having at least 80% nucleic acid sequence identity to: 

(a) a nucleic acid sequence encoding the polypeptide of (SEQ ID NO:314); 

(b) a nucleic acid sequence encoding the polypeptide of (SEQ ID NO:3 14), lacking its 
associated signal peptide; 

(c) a nucleic acid sequence encoding the extracellular domain of the polypeptide of (SEQ ID 
NO:314); 

(d) the nucleic acid sequence of (SEQ ED NO:313); 

(e) the full-length coding sequence of the nucleic acid sequence of (SEQ ID NO:313); or 

(f) the full-length coding sequence of the cDNA deposited under ATCC accession number 
203128; 

wherein said polypeptide encoded by said nucleic acid is an immunostimulant. 

120. An isolated nucleic acid of Claim 119 having at least 85% nucleic acid sequence identity 
to: 

(a) a nucleic acid sequence encoding the polypeptide of (SEQ ID NO:314); 

(b) a nucleic acid sequence encoding the polypeptide of (SEQ ID NO:314), lacking its 
associated signal peptide; 

(c) a nucleic acid sequence encoding the extracellular domain of the polypeptide of (SEQ ID 
NO:314); 

(d) the nucleic acid sequence of (SEQ ID NO:3 13); 

(e) the full-length coding sequence of the nucleic acid sequence of (SEQ ID NO:313); or 

(f) the full-length coding sequence of the cDNA deposited under ATCC accession number 
203128; 

wherein said polypeptide encoded by said nucleic acid is an immunostimulant. 

121. An isolated nucleic acid of Claim 1 19 having at least 90% nucleic acid sequence identity 
to: 
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(a) a nucleic acid sequence encoding the polypeptide of (SEQ ID NO:3 14); 

(b) a nucleic acid sequence encoding the polypeptide of (SEQ ID NO:314), lacking its 
associated signal peptide; 

(c) a nucleic acid sequence encoding the extracellular domain of the polypeptide of (SEQ ID 
NO:314); 

(d) the nucleic acid sequence of (SEQ ID NO: 3 13); 

(e) the full-length coding sequence of the nucleic acid sequence of (SEQ ID NO:3 13); or 

(f) the full-length coding sequence of the cDNA deposited under ATCC accession number 
203128; 

wherein said polypeptide encoded by said nucleic acid is an immunostimulant. 

122. An isolated nucleic acid of Claim 1 19 having at least 95% nucleic acid sequence identity 
to: 

(a) a nucleic acid sequence encoding the polypeptide of (SEQ ID NO:314); 

(b) a nucleic acid sequence encoding the polypeptide of (SEQ ID NO: 3 14), lacking its 
associated signal peptide; 

(c) a nucleic acid sequence encoding the extracellular domain of the polypeptide of (SEQ ID 
NO:314); 

(d) the nucleic acid sequence of (SEQ ID NO:3 13); 

(e) the full-length coding sequence of the nucleic acid sequence of (SEQ ID NO:313); or 

(f) the full-length coding sequence of the cDNA deposited under ATCC accession number 
203128; 

wherein said polypeptide encoded by said nucleic acid is an immunostimulant. 

123. An isolated nucleic acid of Claim 119 having at least 99% nucleic acid sequence identity 
to: 

(a) a nucleic acid sequence encoding the polypeptide of (SEQ ID NO:314); 

(b) a nucleic acid sequence encoding the polypeptide of (SEQ ID NO:314), lacking its 
associated signal peptide; 
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(c) a nucleic acid sequence encoding the extracellular domain of the polypeptide of (SEQ ID 
NO:314); 

(d) the nucleic acid sequence of (SEQ ID NO:3 1 3); 

(e) the full-length coding sequence of the nucleic acid sequence of (SEQ ID NO:313); or 

(f) the full-length coding sequence of the cDNA deposited under ATCC accession number 
203128; 

wherein said polypeptide encoded by said nucleic acid is an immunostimulant. 

124. An isolated nucleic acid comprising: 

(a) a nucleic acid sequence encoding the polypeptide of (SEQ ID NO: 3 14); 

(b) a nucleic acid sequence encoding the polypeptide of (SEQ ID NO:314), lacking its 
associated signal peptide; 

(c) a nucleic acid sequence encoding the extracellular domain of the polypeptide of (SEQ ID 
NO:314); 

(d) the nucleic acid sequence of (SEQ ID NO:3 1 3); 

(e) the full-length coding sequence of the nucleic acid sequence of (SEQ ID NO:313); or 

(f) the full-length coding sequence of the cDNA deposited under ATCC accession number 
203128. 

125. The isolated nucleic acid of Claim 124 comprising a nucleic acid sequence encoding the 
polypeptide of (SEQ ID NO:314). 

126. The isolated nucleic acid of Claim 124 comprising a nucleic acid sequence encoding the 
polypeptide of (SEQ ID NO:314), lacking its associated signal peptide. 

127. The isolated nucleic acid of Claim 124 comprising the nucleic acid sequence encoding 
the extracellular domain of the polypeptide of (SEQ ID NO:314), lacking its associated signal 
peptide. 

129. The isolated nucleic acid of Claim 124 comprising the nucleic acid sequence of (SEQ ID 
NO:313). 
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130. The isolated nucleic acid of Claim 124 comprising the full-length coding sequence of the 
nucleic acid sequence of (SEQ ID NO:313). 

131. The isolated nucleic acid of Claim 124 comprising the full-length coding sequence of the 
cDNA deposited under ATCC accession number 203 128. 

135. A vector comprising the nucleic acid of Claim 124 

136. The vector of Claim 135, wherein said nucleic acid is operably linked to control 
sequences recognized by a host cell transformed with the vector. 

137. A host cell comprising the vector of Claim 135. 

138. The host cell of Claim 137, wherein said cell is a CHO cell, an E. coli or a yeast cell. 
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9. EVIDENCE APPENDIX 

Declaration of Sherman Fong, Ph.D. under 35 C.F.R 1.132, with attached Exhibits A-E: 

A. Current Protocols in Immunology, Vol. 1, Richard Coico, Series Ed., John Wiley & 
Sons, Inc., 1991, Unit 3.12 

B. Steinman, R.M., "The dendritic cell advantage: New focus for immune-based 
therapies," Drug News Per sped. 13:581-586 (2000). 

C. Gubler, U. et al., "Coexpression of two distinct genes is required to generate secreted 
bioactive cytotoxic lymphocyte maturation factor," Proc. Natl. Acad. Sci. USA 88:4143- 
4147(1991). 

D. Peterson, A.C. et al., "Immunization with melan-A peptide-pulsed peripheral blood 
mononuclear cells plus recombinant human interleukin-12 induces clinical activity and T- 
cell responses in advanced melanoma," J. Clin. Oncol. 21:2342-2348 (2003). 

E. Thurner, B. et al., "Vaccination with Mage-3A1 peptide-pulsed mature, monocyte- 
derived dendritic cells expands specific cytotoxic T cells and induces regression of some 
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Appellants 1 response filed September 9, 2004, and noted as entered into the record in the Office 
Action mailed October 20, 2004. 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
Applicant: Docket No.: 

Serial No.: Group Art Unit: 
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For: 

DECLARATION OF SHERMAN FONG. PhJ >- TINDER 37 C.FJR. § 1J32 

Commissioner for Patents 

P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

I, Sherman Fong, Ph.D. declare and say as follows: - 

1. I was awarded a Ph.D. in Microbiology by the University of California at Davis, CA in 
1975. 

2. After postdoctoral training and holding various research positions at Scripps Clinic and 
Research Foundation, La Jolla, CA, I joined Genentech, Inc., South San Francisco, CA in 
1987. I am currently a Senior Scientist at the Department of Immunology/Discovery 
Research of Genentech, Inc. 

3. My scientific Curriculum Vitae is attached to and forms part of this Declaration. 

4. I am familiar with the Mixed Lymphocyte Reaction (MLR) assay, which has been used 
by me and others under my supervision, to test the immune stimulatory or immune 
inhibitory activity of novel polypeptides discovered in Genentech* Secreted Protein 
Discovery Initiative project. 

5. The MLR assay is a well known and widely used proliferative assay of T-cell function, 
the basic protocols of which are described, for example, in Current Protocols in 
Immunology Vol. 1, Richard Coico, Series Ed., JohnWiley & Sons, Inc., 1991, Unit 3.12. 
(Exhibit A). This publication is incorporated by reference in the description of the MLR 
protocol in the present application. 




6. The T-lymphocytes or T-cells" of our immune system can be induced to proliferate by a 
variety of agents. The MLR assay is designed to study a particularly important induction 
mechanism whereby responsive T-cells are cultured together (or "mixed"), with other 
lymphocytes that are "allogeneic", e.g. lymphocytes that are taken from different 
individuals of the same species. In the MLR protocol of the present application, a 
suspension of PBMCs that includes responder T-cells, is cultured with allogeneic PBMCs 
that predominantly contain dendritic cells. According to the protocol, the allogeneic 
"stimulator" PBMCs are irradiated at a dose of 3000 Rad. This irradiation is done in 
order to create a sample of cells that has mainly dendritic cells. It is known that the 
dendritic cell population among the PBMCs are differentially affected by irradiation. At 
low doses (500-1000 Rad), the proliferation of most cells, including the B cells in the 
PBMCs, is preserved, however, at doses above 2000 Rad, this function of B cells is 
abolished. Dendritic cells on the other hand, maintain their antigen presentation function 
even at a 3000 Rad dose of radiation. (See, e.g. Current Protocols in Immunology, supra, 
at 3.12.9). Accordingly, under the conditions of the MLR assay used to test the PRO 
polypeptides of the present invention, the stimulator PBMCs remaining after irradiation 
are essentially dendritic cells. 

7. Dendritic cells are the most potent antigen-presenting cells, which are able to "prime" 
naive T cells in vivo. They carry on their surface high levels of major histocompatibility 
complex (MHQ products, the primary antigens for stimulating T-cell proliferation. 
Dendritic cells provide the T-cells with potent and needed accessory or costimulatory 
substances, in addition to giving them the T-cell maturing antigenic signal to begin 
proliferation and carry out their function. Once activated by dendritic cells, the T-cells 
are capable of interacting with other antigen presenting B cells and macrophages to 
produce additional immune responses from these cells. For further details about the 
properties and role of dendritic cells in immune-based therapies see, e.g. Steinman, Drug 
News Persnect. 13(10):581-586 (Exhibit B). 

8. The MLR assay of the present application is designed to measure the ability of a test 
substance to "drive" the dendritic cells to induce the proliferation of T-cells that are 
activated, or co-stimulated in the MLR, and thus identifies immune stimulants that can 
boost the immune system to respond to a particular antigen that may not have been 
immunologically active previously. 
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Dated: 



9. Such immune stimulants find important clinical appUcations. For example, IL-12 is a 
known immune stimulant, which has been shown to stimulate T-cell proliferation in the 
MLR assay. EL- 12 was first identified in just such an MLR [Gubler et al. PNAS 88, 
4143 (1991) (Exhibit Q]. In a recent cancer vaccine trial, researchers from the 
University of Chicago and Genetics Institute (Cambridge, MA) have demonstrated the 
efficacy of the approach, relying on the immune stimulatory activity of IL-12, for the 
treatment Of melanoma. [Peterson et al. Tmimal of Clinical Oncology 21 (12). 2342-48 
(2003) (Exhibit D)] They extracted circulating white blood cells carrying one or more 
markers of melanoma cells, isolated the antigen, and returned them to the patients. 
Normally patients would not have an immune response to his or her own human antigens. 
The patients were then treated with different doses of IL-12, an immune stimulant 
capable of inducing the proliferation of T cells that have been co-stimulated by dendritic 
cells. Due to the immune stimulatory effect of IL-12, the treatment provided superior 
results in comparison to earlier work, where patients' own dendritic cells were prepared 
from peripheral blood mononuclear cells (PBMCs), treated with antigens, then cultured 
in vitro and returned to the patient to stimulate anti-cancer response. [Thinner et al. J. 
Hx p.Med. 190 (1 1), 1669-78 (1999) (Exhibit E)]. 

10. It is my considered scientific opinion that a PRO polypeptide shown to stimulate T-cell 
proliferation in the MLR assay of the present invention with an activity at least 180% of 
the control, as specified in the present application, is expected to have the type of activity 
as that exhibited by IL-12, and would therefore find practical utility as an immune 
stimulant Some PRO polypeptides do the reverse, and give inhibition of T-cell 
proliferation in the MLR assay. It is my considered scientific opinion that a PRO 
polypeptide shown to inhibit T-cell proliferation in the MLR assay where the activity is 
observed as 80% or less of the control, as specified in the present application, would be 
expected to find practical utility when an inhibition of the immune response is desired, 
such as in autoimmune diseases. 



Sherman Fong, Ph.D. 
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Sherman Fong, Ph.D. 



Senior Scientist . . , ... 

Departmentoflmmunology 19 Basuis.de Way 

Genentech Inc. Alameda, California 94502 
lDNAWay. 

South San Francisco, California 94080-4990 

WnATe^hone : (650)225-2783 FJ^C: (650) 225-8221 

Home Telephone: (510)522-5411 

gducjgisQ: 

1978 - 1980 Postdoctoral Fellow in Immunology, Research Institute of Scripps Clinic, 

Scripps Clinic and Research Foundation, La Jolla, California 

1975 - 1978 Postdoctoral Fellow in Immunology, University of California at 

San Francisco, San Franciso, California 

1970-1975 Ph.D. in Microbiology, University of California at 

17 Davis, California 

1966-1970 B.A. in Biology/Microbiology, . ^ San Francisco State 

University, San Francisco, California 

SSly^S^ofSentist, Department of Immunology/Discovery Research, Genentech, Inc., South San 
Francisco, California 

8/00-8/01 Acting Director, Department of Immunology, Genentech, Inc. South San Francisco, California 

10/89 Senior Scientist in the Department of Immunology/Discovery Research, Genentech, Inc. 
South San Francisco, California 

3/89 - 10/89 Senior Scientist and Immunobiology Group Leader, Department of Pharmacological 
Sciences, Immunobiology Section/Medical Research and Development, Genentech, Inc., S. San Francisco, 
California 

9/87 - 3/89 Scientist, Department of Pharmacological Sciences, Immunopharmacology Section/Medical 
Research and Development, Genentech, Inc., S. San Francisco, California 

1/82 - 9/87 Assistant Member (eq. Assistant Professor level), Department of Basic and Clinical Research, 
Division of Clinical Immunology, Scripps Clinic and Research Foundation, La Jolla, California 

6/80 - 12/81 Scientific Associate in the Department of Clinical Research, Division of Clinical 
Immunology, Scripps Clinic and Research Foundation, La Jolla, California 

7/78 - 6/80 Postdoctoral training in the laboratory of Dr. J. H. Vanghan, Chairman, Department of Clinical 
Research, Division of Clinical Immunology, Scripps Clinic and Research Foundation, La Jolla, California 

2/75 - 6778 Postdoctoral training in the laboratory of Dr. J. W. Goodman, Department of Microbiology 
and Immunology, School of Medicine, University of California, San Francisco, California 
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7/71 - 12/74 Research Assistant and Graduate Student, Department of Medical Microbiology, School of 
Medicine, University of California, Davis, California, under Dr. E. Benjamini 

Awards : 

Recipient: National Institutes of Health Postdoctoral Fellowship Award (1975). 

Recipient: Special Research Award, (New Investigator Award), National Institute of Health (1980). 

Recipient: PX, Research Grant Award, National Institute of Health (1984). 

Recipient: Research Career Development Award (R01), National Institutes of Health (1985). 

Recipient: P.L, Multi-Purpose Arthritis Center Resarch Grant, NIH (1985) 

Recipient: P.L, Resarch Grant Award, (R01 Renewal), National Institute of Health (1987). 

Scientific A ssociations: 

Sigma Xi, University of California, Davis, California Chapter 
Member, Hie American Association of Immunologists 
Committee Service and Professional Activities: 

Member of the Immunological Sciences Study Section, National Institutes of Health Research Grant 
Review Commitee, (1988-1992). 

Advisory Committee, Scientific Review Committee for Veteran's Administration High Priority Program on 
Aging, 1983. 

Ad Hoc member of Immunological Sciences Study Section, National Institutes of Health, 1988. 

Ad Hoc Reviewer Journal of Clinical Investigations, Journal of Immunology, Arthritis and Rheumatism, 
International Immunology, Molecular Cell Biology, and Gastroenterology 

Bi otechnolo gy Experience 

Established at Genentech in 1987-1 989 within the Immunobiology Laboratory, in the Department of 
Pharmcological Sciences, group to study the immunogenicity of recombinant hGH (Protropin®) in hGH 
transgenic mice. 

Served as Immunologist on the Biochemical Subteam for Protropin® Project team. 

Served as Immunologist on the Met-less hGH and Dnase project teams, two FDA approved biological 
drugs: second generation hGH Nutropin® and Pulmozyme® (DNase). 

Served immunologist in 1989- 1990 on the CD4-IgG project team carrying out in vitro 
immunopharmacological studies of the effects of CD44gG on the in vitro human immune responses to 
mitogens and antigens and on neutrophil responses in support of the filing of IND to FDA in 1990 for use 
of CD4-IgG in the prevention of HIV infection. Product was dropped 

In 1989-1991, initiated and carried research and development work on antibodies to CD1 lb and CD18 
chains of the leukocyte 02 integrins. Provided preclinical scientific data to Anti-CD18 project team 



supporting the advancement of humanized anti-CD 18 antibody as anti-inflammatory in the acute setting. 
IND filed in 1996 and currently under clinical evaluation. 



1993-1997, Research Project Team leader for small molecule a401 integrin antagonist project Leader 
for collaborative multidisciplinary team (K^Il) composed of immunologists, molecular/cell biologists, 
protein engineers, pathologists, medicinal chemists, pharmacologists, pharmaceutical chemists, and clinical 
scientists targeting immune-mediated chronic inflammatory diseases. Responsible for research project 
plans and execution of strategy to identify lead molecules, assessment of biological activities, preclinical 
evaluation in experimental animals, and identification of potential clinical targets. Responsible for 
identification, hiring, and working with outside scientific consultants for project Helped established and 
responsible for maintaining current research collaboration with Roche-Nutley. Project transfered to Roche- 
Nutley. 

1998-present, worked with Business Development to identify and create joint development opportunity 
with LeukoSite (currently Millennium) for monoclonal antibody against a407 intergin (LDP-02) for 
therapeutic treatment for inflammatory bowel disease (UC and Crohn';s disease). Currently, working as 
scientific advisor to the core team for phase II clinical trials for LDP-02. 

Currently, Research Project Team Biology Leader (1996-present) for small molecule antagonists for 
a4p7/MAdCAM-l targeting the treatment of human inflammatory bowel diseases and diseases of the 
gastrointestinal tract Responsible for leading collaborative team (N=12) from Departments of 
Immunology, Pathology, Analytical Technology, Antibody Technology, and Bio-Organic Chemistry to 
identify and evaluate lead drug candidates for the treatment of gastrointestinal inflammatory diseases. 

Served for nearly fifteen years as Ad Hoc reveiwer on Genentech Internal Research Review Committee, 
Product Development Review Committee, and Pharmacological Sciences Review Committee. 

Worked as Scientific advisor with staff of the Business Development Office on numerous occasions at 
Genentech, Inc. to evaluate the science of potential in-licensing of novel technologies and products. 

2000-200 1 Served as Research Discovery representative on Genentech Therapeutic Area Teams 
(Immunology/Endocrine, Pulmonary/Respiratory Disease Task Force) 



Invited Symp osium Lectures: 

Session Chairperson and speaker, American Aging Association 12th Annual National Meeting, San 
Francisco, California, 1982. 

Invited Lecturer, International Symposium, Mediators of Immune Regulation and Immunotherapy, 
University of Western Ontario, London, Ontario, Canada, 1985. 

Invited Lecturer, workshop on Human IgG Subclasses, Rheumatoid Factors, and Complement American 
Association of Clinical Chemistry, San Francisco, CaUforaia, 1987. 

Plenary Lecturer, First International Waaler Conference on Rheumatoid Factors, Bergen, Norway, 1987. 

Invited Lecturer, Course in Immunorheumatology at the Universite aux Marseilles, Marseilles, France, 
1988. 

Plenary Lecturer, 5th Mediterranean Congress of Rheumatology, Istanbul Turkey, 1988. 

Invited Lecturer, Second Annual meeting of the Society of Chinese Bioscientist of America, University of 
Cahfornia, Berkeley, California, 1988. 

Lecturer at the inaugural meeting of the Immunology by the Bay sponsored by The Bay Area Bioscience 
Center. The p2 Integrals in Acute Inflammation, July 14, 1992. 

Lecturer, "Research and Development - An Anatomy of a Biotechnology Company", University of 
California, Berkeley, Extension Course, given twice a year-March 9, 1995 to June 24, 1997. 

Lecturer "The Drug Development Process - Biologic Research - Genomics", University of California, 
Berkeley Extension, April 2 1, 1999, October, 1999, April 2000, October, 2000. 

Lecturer, "The Drug Development Process - Future Trends/Impact of Pharmacogenomics", University of 
California Berkeley Extension, April 2001, October 2001, April 2002. 

Invited Speaker, "Targeting of Lymphocyte Integrin a4p"7 Attentuates Inflammatory Bowel Diseases", in 
Sympoium on "Nutrient effects on Gene Expression" at fee Institute of Food Technology Symposium, 
June, 2002. 




Patents : 

Dennis A. Carson, Sherman Fong, Pojen P. Chen. 

US. Patent Number 5,068,177: Antiidiotype Antibodies induced by Synthetic Polypeptides, Nov. 26, 1991 

Sherman Fong, Caroline A. Hebert, Kyung Jin Kim and Steven R, Leong. 
U.S. Patent Number 5,677,426; Anti-IL-8 Antibody Fragments, Oct 14, 1997 

Claire M. Doerschuk, Sherman Fong, Caroline A. Hebert, Kyung Jin Kim, Steven R. Leong. U.S. Patent 
Number 5,686,070: Methods for Treating Bacterial Pneumonia, Nov. 1 1, 1997 

Claire M. Doerschuk, Sherman Fong, Caroline A, Hebert, Kyung Jin Kim, Steven R. Leong. U.S. Patent 
5,702,946: Anti-IL-8 Monoclonal Antibodies fertile Treatment of Inflammatory Disorders, Dec. 30, 1997 

Sherman Fong, Caroline A. Hebert, Kyung Jin Kim, Steven R- Leong. 

U.S. Patent Number 5,707,622: Methods for Treating Ulcerative Colits, Jan. 13, 1998 

Sherman Fong, Napoleone Ferrara, Audrey Goddard, Paul Godowski, Austin Gurney, Kenneth Hillan, and 
Mickey Williams. U.S. Patent Number 6,074,873: Nucleic acids encoding NL-3, June 13, 2000 

Sherman Fong, Napoleone Ferrara, Audrey Goddard, Paul Godowski, Austin Gurney, Kenneth Hillan, and 
Mickey Williams. U.S. Patent Number 6,348,35 1 B 1 : The Receptor Tyrosine Kinase Ligand Homologies. 
February 19,2002 

Pat ent Applications : 

Sherman Fong, Kenneth Hiilan, Toni Klassen 

U.S. Patent Application: "Diagnosis and Treatment of Hepatic Disorders** 

Sherman Fong, Audrey Goddard, Austin Gurney, Daniel Turaas, William Wood 

U.S. Patent Application: Compositions and Methods for the Treatment of Immune Related Diseases. 

Sherman Fong, Mary Gerritsen, Audrey Goddard, Austin Gurney, Kenneth Hillan, Mickey Williams, 
William Wood . U.S. Patent Application: Promotion or Inhibition of Cardiovasculogenesis and 
Angiogenesis 

Avi Ashkenazi, Sherman Fong, Audrey Goddard, Austin Gurney, Mary Napier, Daniel Tumas, William 
Wood. US Patent Application: Compounds, Compositions and Methods for the Treatment of Diseases 
Characterized by A33-Related Antigens 

Chen, Filvaroft Fong, Goddaid, Godowski, Grimaldi, Gurney, Hillan, Tumas, Vandlen, Van Lookeren, 
Watanabe, Williams, Wood, Yansura 

US Patent Application: IL-17 Homologous Polypeptides and Therapeutic Uses Thereof 

Ashkenazi, Botstein, Desnoyers, Eaton, Ferrara, Filvaroff, Fong, Gao, Gerber, Gerritsen, Goddard, 
Godowski, Grimaldi, Gurney, Hillan, Kljavin, Mather, Pan, Paoni, Roy, Stewart, Tumas, Williams, Wood 
US Patent Application: Secreted And Transmembrane Polypeptides And Nucleic Acids Encoding The 
Same 
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I Scibienski R, Fong S, Benjamini E: Cross tolerance between serologically non-cross reacting forms of 
egg white rysozyme. J Exp Med 136:1308-1312, 1972. 

2. Scibienski R, Harris M, Fong S, Benjamini E: Active and inactive states of immunological 
unresponsiveness. J Immunol 113:45-50, 1974. 

3. Fong S: Studies on the relationship between the immune response and tumor growth. Ph D Thesis, 1975. 

4. Benjamini E, Theilen G, Torten M, Fong S, Crow S, Henness AM: Tumor vaccines for immunotherapy 
of canine lymphosarcoma. Ann NY Acad Sci 277:305, 1976. 

5. Benjamini E, Fong S, Erickson C, Leung CY, Rennick D, Scibienski RJ: Immunity to lymphoid tumors 
induced in syngeneic mice by immunization with mitomycin C treated cells. J Immunol 1 1 8:685-693, 
1977. 

6. Goodman JW, Fong S, Lewis GK, Kamin R, Nitecki DE, Der Balian G: T lymphocyte activation by 
immunogenic determinants. Adv Exp Biol Med 98:143, 1978. 

7. Goodman JW, Fong S, Lewis GK, Kamin R, Nitecki DE, Der Balian G: Antigen structure and 
lymphocyte activation. Immunol Rev 39:36, 1978. 
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for T-dependent antibody responses. J Exp Med 148:81 7, 1978. 

9. Fong S, Chen PP, Nitecki DE, Goodman JW: Macrophage^ cell interaction mediated by immunogenic 
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10 Tsoukas CD, Carson DA, Fong S, Pasquali J-L, Vaughan JH: Cellular requirements for pokeweed 
mitogen induced autoantibody production in rheumatoid arthritis. J Immunol 125:1 125-1129, 1980. 

I I Pasquali J-L, Fong S, Tsoukas CD, Vaughan JH, Carson DA: Inheritance of IgM rheumatoid factor 
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vitro. Clin Immunol Immunopathol 1 8:344, 1981 . 
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associated changes in Epstein-Barr virus induced human lymphocyte autoantibody responses, J Immunol 
126:910-914, 1981. 

14. Tsoukas CD, Fox RI, Slovin SF, Carson DA, Pellegrino M, Fong S, Pasquali J-L, Ferrone S, Kung P, 
Vaughan JH: T lymphocyte-mediated cytotoxicity against autologous EBV-genome-bearmg B cells. J 
Immunol 126:1742-1746, 1981. 
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17. Pasquali J-L, Fong S, Tsoukas CD, Hench PK, Vaughan JH, Carson DA: Selective lymphocyte 
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Proliferative Assays for T Cell Function 

A number of agents can specifically or nonspecifically induce T cell activation, resulting 
in cytokine production, cytokine receptor expression, and ultimately proliferation of the 
activated T cells. Although proliferation is not a specific effector function of T lympho- 
cvtes-in contrast to helper function for B lymphocytes (um3.ld) or cytotoxicity (w«r 
, „v-oroliferation assays are reliable, simple, and easy to perform and have been widely 
usedto assess the overall immunocompetence of an animal. In addition, the assays 
described in this unit form the basis for identifying the appropriate cellular population 
that might be used to obtain T cell clones (unitsjs) or T cell hybridomas (UNIT3.14). 

the assays have been divided into two groups on the basis of whether they are used to 
stimulate primed or unprimed T lymphocytes. Hie first basic protocol describes the use 
of aeents that are capable of activating unprimed T lymphocytes in culture either by 
ohan^acologic means (calcium ionophore and phorbol ester stimulation), by direct 
cross-linking of the T cell receptor (TCR) on a large percentage of responder ceUs 
anti-TCR-76, or anti-TCR-ap monoclonal antibodies), by cross-linking the 
receptors on certain subpopulations of Tcells with monoclonal antibodies specific for the 
Vrerions of B chains of the TCR (anti-VP) or with enterotoxins specific for certain 
V8-ctonrerions,orbymdirecd^^^ 

to non-TCR antigens). Hie first alternate protocol describes the use of plate-bound 
antibodies specific for the TCR to stimulate proliferation. The second alternate protocol 
describes the activation of unprimed T cells to cell-associated antigens in the mixed 
leukocyte reaction (MLR). The first support protocol describes the preparation and use 
ofT cell-depleted accessory or stimulator cells and the second support protocol describes 
methods for blocking, accessory cell proliferation. Finally, the second basic protocol 
describes the induction of a T cell proliferative response to soluble protein antigens or to 
cell-associated antigens against which the animal has been primed in vivo. 

TheassavsmtmsunitenTploymurmeTlymphocytes.^ 

of murine B lymphocytes is described in unitsjo. Related assays for use with human 
peripheral blood lymphocytes are described in vm7.9. 

NOTE: All solutions and equipment coming into contact with cells must be sterile, and 
proper sterile technique should be used accordingly. 

ACTIVATION OF UNPRIMED T CELLS 

Unorimed T cells can be induced to proliferate by a variety of agents, including pharma- 
cological agents. anti-CD3/TCR or anti-Thy-1 monoclonal antibodies, enterotoxins and 
S The commentary briefly describes the specificities of these agents while Table 
?m I lists sources and concentrations for use in this protocol. Although this procedure 
is intended to measure proliferation of Tcells specifically, in many cases induction of T 
ceU proliferation is dependent on the presence of non-T cells that function as accessory 
~Us The latter provide additional costimulatory signals for T cell pitMeration as well 
Z cross-link (via their Fc receptors) monoclonal antibodies bound to cell-surface anti- 
Tens The requirement for non-T accessory cells varies with the nature of the stimulatory 
Land and In range from absolute dependence to accessory cell-independent T cell 
activation (see Table 3.12.1). The activation is calculated after determining the difference 
in incorporation of [ 3 H] Aymidine between stimulated and control cells. 
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Table 3.12.1 Agents Used to Activate Unprimed T Cells in Proliferative Assays 



Agent* 


Source/ 
cat. no. 


Concentration 


Accessory 
cells' 


Mode of action, etc. 


PMA 


SIGP8139 


1-10 ng/ml 


No 


Use with ionomycin or 
A23187; pharmacologic 


Ionomycin 


CAL 407950 


200-500 ng/ml 


No 


Use with PMA; 
pharmacologic 


A23187 


CAL 100105 


100-500 ng/ml 


No 


Use with PMA; 
pharmacologic 


PHA 


WDHA16 


1-5 ng/ml 


Yes 


Indirect TOR 
cross-linking 


ConA 


PH 17-0450-01 


MOjig/ml 


Yes 


Indirect TCR 
cross-linking 


Anti-Thy-1 


PG mAo-u7 


1 1 1 o/ml 


Yes c 


Indirect TCR 
cross-linking 


Anti-CD3 


PGHM-CD3 


0.1-5 ng/ml 


Yes* 


Use plate-bound or 
soluble; direct TCR 
cross-linking 


Anti-TCR-oP 


PGHM-AB- 
TCR 


0.1-10 Jig/ml 


Yes< 


Use plate-bound or 
soluble; direct TCR 
cross-linking 


Antt-TCR-76 

Anti-VB-8.1, 

Anti-VP^ 
Anti-Vp-11 

Staph toxA 


PG HM-GD- 
TCR-1; 

HM-GD-TCR-3 

PGMM-VP- 
TCR-1 

PGRM-Vp^- 
TCR-2 

PGRM-Vp- 
TTAT101 


0.1-100 jig/ml 

0.1-100 jig/ml 
0.1-100 ng/ml 
0.1-100 ng/ml 
1-10 ngfai 


No 

No 
No 
No 
Yes* 


Use plate-bound; direct 
TCR cross-linking 

Use plate-bound; direct 
TCR cross-linking 

Use plate-bound; direct 
TCR cross-linking 

Use plate-bound; direct 
TCR cross-linking 

receptor specificity 


Staph toxB 
Staph tox E 


TTBT202; 
SIGS4881 

TTET404 


1-100 ftg/ml 

1-10 ns/mi 


Yes 0 
Yes* 


Vp-3,7,8,17-receptor 
specificity 

V^lU5,17-receptor 
specificity 



-Abbreviations: PMA, pborbol 12-mynstaie i>aceuuc; rnn, . — -« 

tox A, B, & E, Staphylococcus enterotoxins A,B, & E. 

*c.mnii^ addresses and phone numbers are provided in mehdx j. Abbreviations: CAL, Calbiochem; PG, 

<Wben using anti-CD3 and anti-TCR antibodies in soluble form (rather than plafeto^ accessory cells are 
2^^^ng Staph enterotoxins, accessory cells must express appropriate MHC class D molecules. 
Accessory cell dependence is not absolute with anti-Tfay-1 antibodies. 
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Materials 

Complete RPMI-5 and RPMI-10 media {appendix 2) 
Responder cells: lymphocytes from nonimmunized mouse thymus, spleen, or 

lymph nodes (unit3.i) 
Activating agent(s) (Table 3.12.1) 
Phosphate-buffered saline (PBS; appendix!) 

Accessory cells: unfractionated mouse spleen cell suspension, irradiated or 
treated I with mitomycin C (second support protocol) or T cell-depleted 
(first support protocol) 

prflthyrnidine (appenddc3) 

15- and 4-ml disposable, polystyrene conical tubes with screw caps 
Low-speed centrifuge with Sorvall H-1000B rotor (or equivalent) 

25- to 100-Ml single- and multichannel pipettors with disposable tips 
Additional reagents and equipment for removing organs (unit 1.9), preparing 
A ^^Lp*n*om{iL 3 .i), and counting, labeling, and harvest** 

cells (appenddc 3) 

1 Prepare responder leukocyte suspensions from myirms. spleen, or lymph node in 
* complete RPMI-5 as described in unit 3.1. 

resize of the intended experiment dictates the number of organs to be colkcted. See 
Zinn ZsHoTfor vindication of cell number required, and UNIT 3.1 for number 
TTTer onZ SpleZX^ and lymph node can be used as responder cells 
^hTSspUetisasouV^ P»nfied T cells orsubpopulations of 

fcelh(Le!cD4* or CD8+) cells may also be used. See UNTTS3.I-3.6for enrichment/ 
depletion methods. 

2 Centrifuge single-cell suspensions in 15-ml conical tubes for 10 rmn in Sorvall 
frSf rotorat -1000 rpm (200 x g), room temperature, and discard supernatant 

3 ResusP end cell pellet in complete RPMI-5. Count responder cells and adjust to -10 s 

cells/ml with complete RPMI-10. 

WhiU this concentration (1 x 10* cellsAnl or 2x10* ceUstoeU) will give savory 
^HrZwith most cell populations, it is useful to compare 2, 4, and 8 x JO 1 cells per 

^res^nderpopulation, sufficient accessory cells are present and the re ts no need 

T?en^puZions are used as responds, it will be ^ssarytoadd non-T 
acZJrycefis depending on the nature of the activating ^{™T^*?™\JPL 
^«?asih accomplished by adding increasing numbers (0.1, 0.5, and 1.0 x 10 s ) of 
sy%en^pWa7£^ 

1Ht«Zl) Also a meaningful comparison of the responsiveness of different cell 

P p Z^^Vr^^ofb7at the activating agents as well as the responding 

ce U populations, and a kmeticetyertment. 
A Prepare working solutions of activating agents in 4-ml conical mbes at room temper- 
£2*^ follows. For MAb. toxin, or lectin, make a series of four duuUons from 1 
mTmlstSk solutions-**. 100. 30. 10. and 3 ug/ml ^^SS^ 
ical agent, make single dilutions of 100 ng/ml solution of PMA and 1 ug/mlA23187 
(or 4 ug/ml ionomycin) in PBS. 

If MAb in supernatant or ascites form are being used, at least four dilutions should 

^eZedWorkingsolutionsshou^^^ 

especially MAb, may bind to the plastic. 
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See Table 3.12.1 for Vp specificities of staphylococcal enterotoxins. It is essential to 
verify thai the mouse strain employed expresses the MHC class II surface molecules 
for which the enterotoxin has a specific binding (tffmity. See Marrack and Kappler 
(1989) for further discussion of various enteroxins and their specificities. 

5 Add 20 \i\ of each dilution of activating reagent (MAb, enterotoxin or lectin) to each 
of three wells of a 96-well flat- or round-bottom microliter plate. Include control wells 
with 20 pi of PBS only. Add 20 pi PMA or calcium ionophoie at the single 
concentration indicated in step 4, as the dose-response curve for these agents is 
extremely narrow. 

A series of four dilutions will form one row of each microtiter plate, allowing for 
efficient organization of the plates. 

6. To the wells of the 96-well microtiter plate containing activating agent, add 2 x 10 5 
cells in 0.2 ml. 

7. Place microtiter plates in a humidified 37°Q 5% C0 2 incubator for 2 to 4 days. 

Optimum culture periods for stimulating cells will vary depending on cell type and 
laboratory conditions and must be determined empirically (see critical parameters). 

8. Add pHlthymidine to each well. Return the plates to C0 2 incubator to pulse 1 8 to 24 
hr. Harvest cells using a semiautomated sample harvester and measure cpm in p 
scintillation counter. 

9a, Compute the data as the difference in cpm of stimulated (experimental) and control 
(no activating agent added) cultures. This is done by subtracting the arithmetic mean 
of cpm from triplicate control cultures from the arithmetic mean of cpm from 
corresponding stimulated cultures. The results are referred to as U A cpm." 

9b. Alternatively, compute the data as the ratio ofcpm of stimulated and control cultures. 
This is done by dividing the arithmetic mean of cpm from stimulated cultures by the 
arithmetic mean of cpm from control cultures. The results are referred to "SF 
(stimulation index). 

The second method (step 9b) has the disadvantage that small changes in background 
values wUl result in large changes in SI and should be interpreted with caution In most 
publications, A cpm rather than SI values are preferred, 

ACTIVATION OF UNPRIMED T CELLS WITH 
PLATE-BOUND ANTIBODIES 

Although it is possible to induce T cell activation with monoclonal antibodies to the 
CD3/TCR complex in solution during culture, such activation depends on cross-linking 
of the antibody by Fc receptor-bearing accessory cells. This protocol describes the use 
of monoclonal antibodies to the CD3/TCR complex by coupling them to the wells of the 
microtiter plates. The T cell proliferative response induced under these conditions does 
not require the presence of significant numbers of accessory cells, although the responses 
obtained may be suboptimal (Jenkins et al., 1990). 

Use of this protocol is recommended for use with those antibodies to the CD3/TCR 
complex which bind poorly to the Fc receptor present on murine accessory cells and which 
do not induce T cell activation in soluble form Although all monoclonal antibodies readily 
couple to plastic under these conditions, it is very difficult to induce a proliferative 
response with certain antibodies such as the G7, anti-Thy-1 monoclonal antibody. In such 
cases, the conditions described in the basic protocol should be followed. 
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Additional Materials 

PBS (APPENDDC2), room temperature and 4°C 

1 me/ml purified anti-CD3 or anti-TCR MAb in PBS (for nonspecific activation 
™ ells) or 1 mg/ml purified anti-VP or anti-TCR-yS MAb in PBS (for 
activation of T cells with specific receptors; see Table 3.12.1) 

1 In 4-ml conical polystyrene tubes, prepare a series of four dilutions of MAb from 
' sterile 1 mg/ml stock solutions— e.g., 100. 10, 1. and 0.1 ug/ml-using room 
temperature PBS. 

Sources and recommended concentrations of monoclonal antibodies can be found in 
Table 3.12.1; since MAb will bind to plastic, the working dilutions should be used 
immediately. 

The ability of anti-TCR antibodies to cross-link receptor molecules varies depending 
ontte purityofthe MAb preparation and the affinity of the MAb for the TCR/CD3 
comolex. Optimum dilutions will have to be determined in dose-response experiments. 
Aufmatively. preparations of ascites fluid from the MAb can be tested at different 
dZtioZ(e.g., 1:100, 1:200, 1:400, and 1:800), butuse of purified antibody wiU allow 
for better standardization of the assay. 

Because the efficacy ofMAb-induced activation depends on the amount of antibody 
bound to the bottom of die wells, it is crucial to make the dilutions in a buffer without 
oTaddmonal source of proteins such as FCS or albumin; these would compete with 
*e binding of the antibody, and therefore reduce the responsiveness. For this reason, 
7k Toko not recommended to perform the assay with culture supematants of the 
appropriate hybridomas. 
-) Add 30 ul of each concentration of MAb solution to each of three wells of a 96-well 
^^roinicrotiter^ 

A series of four dilutions will form one row of each plate, allowing for efficient 
organization of the plates. Consistently better responses are seen with round-bottom 
(compared with flat-bottom) plates in antibody-mediated experiments. 

Most often, optimal responses are seen with 10 pghnl antibody. There is no point in 
ZdLTmore than the indicated amount of antibody, since the maximum amount that 
caTbind to surface of die wells is ~2 to 3 pg (AM.K., unpub. observ.). 
, Cover the plate and gently tap its side to ensure complete covering of the bottom of 
the wells. Incubate plates 90 min at 37°C. During incubation, proceed to step 4. 
During this incubation, the antibodies bind to the plastic in the wells for subsequent 
cZSSZi of the Tcell receptors on responding T cells. Plates ™^° be P[ e P°%* 
Z nigHbefore an experiment and kept in the refrigerator overnight, after the 3TC 

incubation. 

4 Prepare responder cell suspensions as in steps 1 to 3 of the basic protocol. 

Hiihty purified Tcell populations can be used in these studies as the proliferative 
ZZse induced is accessory cell-independent. However, the presence of non-T 
accessory, cells does not interfere with the proliferative response. 

5 Wash the wells of the incubated plates by adding 200 ul cold PBS and inverting the 
elates with a flick of the hand on a stack of paper towels placed in a tissue culture 
hood. Repeat washing procedure two more times to remove excess antibody. 

6 To the wells of the washed plates, add -2 x10 s cells in 0.2 ml. 

tf C elbannotreadyatthisstage.platesmaybeke P tinthe^ 

lOOtd PBS has been added Presumably, longer storage periods should be ^ceptabU. 

but our experience is limited to<4day periods. The PBS should be removed before 

the cells are added. 
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Most cell populations will give peak responsiveness at this cell dosage, but pilot 
experiments should be performed to establish optimal conditions. 

7. Proceed as in steps 7 to 9 of the basic protocol, but incubate cultures for 2 to 3 days 
before adding [ 3 H]thymidine. 

Kinetic assays should be performed to determine the optimum culture period. 

T CELL PROLIFERATION IN MIXED LYMPHOCYTE CULTURES 
In the mixed lymphocyte culture (MLC) or reaction (MLR), suspensions of responder T 
cells are cultured with allogeneic stimulator lymphocytes. The activating stimulus is the 
foreign histocompatibility antigen (usually MHC class I or class II molecules) expressal 
on the allogeneic stimulator cells. Responder cells need not be primed because a suffi- 
ciently high number of T cells in the MLC will respond to the stimulator population. If 
the stimulator cell population contains T cells, their uptake of PH] thymidine must be 
prevented by irradiation or treatment with mitomycin C; alternatively Ihe stimulator cell 
suspension can be depleted of T cells (see support protocols). 

Additional Materials 

Responder cells: lymphocytes from nonimmunized mouse thymus, spleen, or lymph 

nodes (units is a 3.i) or purified T cells or T cell subpopulations {vms3.i-3JS) 
Stimulator cells: allogeneic mouse spleen cells that differ from the responder cells 

at H-2 or Mis loci, irradiated or treated with mitomycin C (second support 

protocol) or T cell-depleted (first support protocol) 

1 Prepare responder cell populations as in steps 1 to 3 of the basic protocol. Although 
' unfractionated cell populations can be used as responders in certain situations, it may 

be preferable to use purified T cells or T cell subsets. 

To estimate the MLR of a cell population, it is necessary to perform a dose-response 
assay with differ** numbers of responder cells. Typically, three repUcate wells are set 
up Containing each of the following: 0.5. 1,2, and 4*10* cells (optimal responses^ 
Zually obtained with the latter two densities). The setup for these four cell densities 
will occupy one row (12 wells) of a microtiter plate. 

For thymocytes, it may be necessary to use MO* cells per well because the frequency 
of responding T cells is lower; the lowest number of responder ceUs could then be lx 
10* and the doses in between would be 2 and 4 x10 s . Using this range qf higher 
numbers of responder cells may also be preferred when experimental manipulations 
an expected to reduce the frequency of responding T cells. 

2 To a 96-well microtiter plate, add 5 x 10* to 4 x 10 s responder cells in 0.1 ml to each 
well. For each experimental group, set up three replicate wells. 

Stimulation of leukocytes for proliferation in 96-well microtiter plates can be run in 
. paraUel with<ytotoxicT lymphocyte (CTL) generation (urn 3.u),whu;htspe^ 
in 24-well microtiter plates. For example, cells can be diluted to 4x 10* ceUsM and 
added to 24-well plates in 1.0 mUweU for CTL generation and to 96-well plates m 0.1 
ml/well for prohferation. 

3 Prepare a single-cell suspension of irradiated or mitomycin C-treated stimulator cells. 
* Alternatively, prepare a suspension of T-cell depleted stimulator cells. Add 0.1 ml to 

each well of the plates containing responder cells. 

The optimum number of stimulator cells must be determined for each MLC and for 
different responder cells. For a range of responder cells from 0.5-4 > : W test 
stimulator cells at densities of 2, 4, and 8 x ltf/ml (ue., 2,4, and8x IP/well). It 
should be noted that the stimulator cell suspension provides both the specific antigen 
to be recognized by the responder t cells as well as nonspecific accessory cells. If 
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highly purified f cells are used as the responder population, it is therefore not 
necessary to supplement the cultures with non-T accessory cells syngeneic to the 
responder T cells. 

Separate wells with control cultures should be set up that include— for each dose of 
responder and stimulator cells— replicate wells of responder cells with irradiated or 
mitomycin CMreated syngeneic stimulator cells. Values obtained from these controls 
reflect "background" proliferation values (see step 9 of basic protocol). Other negative 
controls often included are wells with stimulator cells alone and wells with responder 
cells alone. These are not used for the calculation of the data, but are useful to compare 
with the background proliferation values; the latter should not be much higher (<2-fold) 
than those obtained with stimulator or responder cells alone. Higher background values 
indicate potential autoreactivity. 

4. Follow steps 7 to 9 of the basic protocol, but incubate the cultures for 3 to 6 days. 

Optimum culture periods for stimulating cells will vary depending on cell type and 
laboratory conditions, and must be determined empirically (see critical parameters). 

DEPLETION OFT CELLS FROM 

ANTIGEN-PRESENTING/STIMULATOR CELL SUSPENSIONS 

Although normal unfractionated spleen cell populations can be used as a source of 
accessory cells, in certain types of experiments it may be preferable to use spleen cell 
populations from which the T cells have been removed. This procedure ensures that none 
of the observed proliferative responses of the responder population result from T cell 
factors derived from the accessory cell population. For example, even T cells whose cell 
division has been blocked (second support protocol) can produce cytokines. In the 
following steps, T cell-depleted spleen cell suspensions are prepared using a lytic 
monoclonal antibody to the T cell antigen, Thy-1. Because almost all the antigen 
presentation or stimulator cell activity in spleen resides in the non-T cell fraction, this 
procedure also leads to enrichment of functional antigen-presenting cell function. Further 
enrichment of antigen-presenting cells (APQ by flotation of the T cell-depleted spleen 
cells on Percoll gradients is also described. Other procedures leading to enrichment of 
APC are described elsewhere; the method described in unit 3.7 does not deplete T cells 
and therefore is not recommended here; the method described in unit 3.15 leads to higher 
levels of enrichment that are not required in the protocols presented here. 

Additional Materials 

Spleen cells from nonimmunized mice 

Hanks balanced salt solution (HBSS; appendix 2) 

LowTox rabbit complement (Cedarlane #CL3051), reconstituted with 

ice-cold distilled water and filter-sterilized 
Anti-Thy-U ascites (HO-13-4; ATCC #TIB 99) or anti-Thy-1.1 ascites 

(HO-22-1; ATCC #TTB 100; alternatively, see Table 3.4.1 for other 

anti-Thy-i MAb and unit 2.6 for production of ascites) 
70% Percoll solution (wwr3.fi and reagents and solutions) 

1. Centrifuge the spleen cell suspension derived from single spleen down to a pellet 

The spleen cells should always be from nonprimed animals and should be syngeneic 
to the responder T cells unless they are to be used as stimulator cells m the MIC. 

2. To the pellet, add 0.9 ml HBSS, 0.1 ml complement, and 25 uJ anti-Thy-1 ascites. 

If cells from more than a single spleen are needed, the procedure should be scaled up 
accordingly. 
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The choice ofanti-Thy-1 reagent to be used depends on the strain of animal from which 
the spleen was derived. The great majority of commonly available mouse strains 
(except AKR) express the fhy-1.2 allele. 
3. Incubate the mixture at 45 min in a 37°C water bath. 

4 Centrifuge 10 min in Sorvall H-1000B rotor at -1000 rpm (200 x g), room tempera- 
' ture, and discard supernatant Resuspend pellet in HBSS and wash two more times. 

5 Count viable cells (appendix 3) and resuspend in complete RPMI-10 or PBS for 
Lnactivation as in the second support protocol, or in HBSS to prepare low-density 
accessory cells (see below). 

The T cell-depleted spleen cell population is comprised ofB cells, macrophages, and 
dendritic cells. Further enrichment of cells with enhanced accessory cell function can 
be obtained by fractionation of this population on PercoU. 

6 Dilute 70% Percoll solution to 55% by mixing 23.58 ml of the 70% PercoU with 6.42 
ml HBSS. Resuspend T cell-depleted spleen ceUs from step 5 in HBSS at 20 x 10* 
cells/ml. 

7. Layer 3 ml cell suspension over 3 ml of 55% Percoll solution in a 15-ml conical 
centrifuge tube. 

8. Spin 13 min in H-1000B rotor at 3000 rpm (1900 x g), room ternperature. 

9. Remove cells that band at the Percoll/HBSS interface with a 5-in. Pasteur pipet and 
wash 3 times in HBSS as in step 4. 

10. Count viable cells and resuspend in complete RPMI-10 for inactivation according to 
the second support protocol. 

The population obtained from steps 6 to 10 is comprised qf large cells including, 
macrophages, dendritic cells, and activated B lymphocytes. This population of cells is 
enriched in accessory cell function. When used in either of the basic protocols with 
purified T responder cells, fewer of the Penoll-purifUd cells should be needed to 
provide accessory function. 

BLOCKING CELLULAR DIVISION OF ACCESSORY/STIMULATOR CELLS 

There are two situations in which inhibition of accessory or stimulator cell division should 
be blocked. When purified T cells rather than unfractionated lymphoid populations are 
used in the basic protocol, cultures are frequently supplemented with accessory cells 
syngeneic to the responder T cells. If accessory cell DNA synthesis is inhibited, one can 
then be certain that the resultant proliferative response is comprised entirely of responder 
T cells and does not contain a component of recruited B cell proliferation derived from 
the accessory cell populations. In the MLR, the stimulator cells are spleen cells from mice 
that differ from the responder cells in H-2 and/or Mis gene expression (see appendix i, 
TablesA 1C 1 and A.lF.l)andthey can also recognize alloantigens on the responder cells. 
This responsiveness of stimulator cells against responder cells in an MLR (so-called 
back-stimulation) must be prevented by blocking cellular division. This can be done by 
treatment of stimulator cells with mitomycin C (a DNA cross-linking reagent) or by g 
irradiation. Many investigators prefer mitomycin C treatment when antigenic differences 
encoded for by Mis genes are to be measured, or when an irradiation source is not available. 
For more information on the loci encoding Mis genes, see Tables A.1F.2 and A.1F.3. 

Mitomycin C Treatment 

Additional Materials 

Mitomycin C (Sigma #M-0503; store in dark) 
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1. In a 15-ml aluminum foil-wrapped tube, prepare a solution of mitomycin C in PBS 
at 05 mg/ml and filter sterilize. 

Since mitomycin C is very light-sensitive,, it is necessary to prepare afresh stock 
solution each day for each experiment, 
2 Prepare spleen cell suspension as described in steps 1 and 2 of the basic protocol at 
a concentration of 5 x 10 7 cells/ml in PBS. 

3. 'Add mhomyctaCtoafiiid 

andwapthewtematammumfo^ 

a Add an excess of complete RPMI-5 (Le., fill rube with -12 ml) and centrifuge 10 min 
in Sorvall H-1000B rotor at 1200 ipm (300 x g). Discard supernatant and repeat 
washing procedure two more times. 

Three washes are crucial, because any traces of mitomycin C left among the cells wOl 
reduce proliferative responses when the cells are added to an MIC 
5 Re^uspend pellet in complete RPMI-10. Count ceUs wim hemacyt(>meter. Adjust to 
' desired concentration as described in the annotation to step 6 of the basic protocol. 

Irradiation Treatment 

Prepare a spleen cell suspension as described in steps 1 to 3 of the basic protocol, at a 
Sconcen^onofS^Oxl^ 

SrSS^o or «*Cs y-irradiator, e.g., Garnmacell 1000, Nordion), deliver 1000 to 
2000 rad of irradiation to the cells. 

This dose range of irradiation is suitable for most immunologic appucations employing 
soteen ceU suspensions. However, antigen presentation by different spleen cells is 
dmSenti^ 

ISprSenting function of B cells is preserved; after doses of 1100 to 20O) rad, a 
StKcline is observed; and doses >2000 rad abolish the participation of B cells 
asAPC Macrophages and dendritic cells, on the other hand, maintain antigen presentation 
tooueb doses of 3000 rad. To ensure that B cells do not participate in the responses 
some investigators prefer to use doses of 2000 rad However, ^pons^veness 
S^tigens can best be measured with stimulator cells that received doses of <1000 
raisLceB cells present more effectively. Alternatively, Mis responsiveness can be 
Measured after mitomycin C treatment of stimulator cells, since it also preserves the 
antigen-presentation function of B cells. 

When transformed cell lines are used as antigen-presenting or accessory cells higher 
doses must be used to ensure blockage of cell division. The appropriate dosewill Jiave to 
te^rmined empirically for each cell line, but is likely to be at least 5000 rad; some 
Lsfo3 cell lines require as much as 1 0,000 to 12,000 rad, and may be more sensitive 
to mitomycin C treatmenL 

ACTIVATION OF PRIMED T CELLS 
Proliferative responses to viruses, protein antigens, minor transplantation antigens and 
mTmale H-Y antigen require in vivo immunization followed by in vitro stimulation. 
Furthermore, enhanced proliferative responses to those antigens that will generate pn- 

nw^itroW^^ 

immunizations usually elevate in vitro responses. 

To immunize animals for in vitro secondary responses to soluble protein antigens or 
peptides, dissolve antigens and emulsify in complete Freunds adjuvant (wwr 2.5). For 
strong responses by draining lymph node cells, irnrnunize animals in a hind footpad. For 
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strong responses by spleen cells, immunize intraperitoneal^. Tail-base immunization also 
can be used as an efficient route of immunization; follow procedure for intradermal 
injection. To prime animals against cellular antigens, inject intraperitoneal^ with 1-5 x 
10 7 cells that express the antigen. Immunization protocols are described in unit L6. 

Within 2 to 3 weeks after in vivo priming, in vitro responsiveness of primed T cells can 
usually be measured. This assay is often used as a preparation for subsequent in vitro 
cloning procedures (unit 3.14) and T cell hybridoma preparation {UNIT3J3). 

Materials 

Complete RPMI-10 medium (appendix 2) 

Responder cells: Purified T cells isolated from lymph nodes (units 3.1-3.6) of 

in vivo primed mice 
Antigen: 1 mg/ml sterile protein antigen(s) (UMT3.13\ in PBS or suspension of 

irradiated or mitomycin C-treated stimulator cells expressing alloantigens 

at 8 x 10 6 cells/ml (unitsm, support protocol) in complete RPMI-10 medium 

(appendix 2) 

Accessory cells: suspension of irradiated or mitomycin C-treated (orT cell- 
depleted) spleen cells syngeneic to the responding T cells at 5 x 10 6 cells/ml 
in complete RPMI-10 medium 

4-ml conical tubes 

96-well flat-bottom microliter plates with lids 

1 . Follow steps 1 to 3 of the first basic protocol for preparation of responder cells. 

2. Prepare 4-fold dilution series of the antigens in 4-ml conical tubes, using complete 
RPMI-10. 

The following dilutions are recommended: 100, 10, 1, and 0,1 p%/rrd protein antigens 
and8, 4, Zand 1x10 s cells/ml cf stimulator cells in complete medium. 

3. Add antigens to 96-well flat-bottom microtiter plates, at 30 jil/well for protein 
antigens or 100 jtl/weU for cellular antigens. For each experimental group, set up 
three replicate wells and include control wells with medium only (no antigen). 

By using four concentrations of antigens and three replicate wells for each dose, one 
row of a microtiter plate will cover the entire tested range. 

4. Add responder T cells in 0.1 ml to each well. 

Purified T cells are recommended; otherwise extremely high background values may 
be obtained This appears to be due in part to proliferation of recruited cells (T and 
norv-T) that are not antigen-specific. If unfractionated lymph node cells from recently 
primed mice are used, add 1-2 xl(P cells per well and proceed to step 6. 

5. If purified lymph node T cells specific for protein antigens are used, add 0.1 ml of 
accessory spleen cells syngeneic to the donor of the responder T cells at 5 x 10 5 cells 
per well. 

Purified T cells require an exogenous source of accessory non-T cells. Accessary cells 
function both as antigen-presenting cells and as a source of undefined "second 
signals. " They are not required for cell preparations primed against cellular antigens, 
because accessory cell function is provided by the stimulator cells. 

6. Proceed as in steps 7 to 9 of the basic protocol 

Culture periods before labeling can vary widely and kinetic assays should be per- 
formed In general, for T cells from primed mice, it is likely that the response will peak 
atday4or5. 
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REAGENTS AND SOLUTIONS 

Percoll solution 
Diluent: 

45 ml 10X PBS, pH 7.4 (appendix 2) 

3ml0.6MHCl 

132mlH 2 0 

Filter sterilize 

70% Percoll solution: 

63 ml Percoll (Pharmacia LKB #170891-01) 

37 ml sterile diluent (above) 

Final osmolality should be 3 10 to 320 osM 



COMMENTARY 

Background Information 

Proliferative assays for measuring T cell 
function havecertain advantages and disadvan- 
tages compared to the cytotoxic T lymphocyte 
(CTL) assay described in um sm or the 
lympbokine production assays in wsmi.J5<t<u. 
Advantages are that proliferative assays are 
less time-consuming, less labor-intensive, less 
cell-consuming, and less expensive than "true" 
effector T cell function assays. A disadvantage 
is that antigen specificity is not as easily dem- 
onstrated in proliferative assays as in CTL 
assays, unless antigen-specific clones of pro- 
liferating cells are used. Furthermore, the pro- 
liferative assay only detects dividing cells in- 
stead of measuring true effector T cell function. 

It is not clear which T cell function is mea- 
sured in proliferative assays; the proliferative 
response should therefore be used solely as 
general indicators of T cell reactivity. Data 
obtained in proliferative assays might vari- 
ously reflect proliferation of CTL, lymphok- 
ine-producing T cells, or nonactivated "by- 
stander" cells, and will be severely affected by 
the function of non-T cells such as accessory 
cells (see below). Since the majority of T cells 
respond to and produce IL-2 upon activation, 
differences in responsiveness in a proliferative 
assay in part reflect differences in IL-2 produc- 
tion by the responding T cells. Proliferative 
assays therefore become more meaningful 
when combined with the lymphokine detection 
assays presented in wms3MA6J. Since respon- 
siveness to IL-2 is also determined by the levels 
and functionality of IL-2 receptors, further in- 
formation will be added by including measure- 
ments of receptors (uwrdJ) or by flow 
cytometry (ymu). Yet, as a first approxima- 
tion of cellular activation, proliferative assays 
are valuable. 



Critical Parameters , - 

and Troubleshooting 

Parameters affecting the magnitude ofT cell 
proliferative responses include cell concentra- 
tion, type of medium, source of serum, incuba- 
tor conditions (CO2 level and humidity), type 
and concentration of activating agent, type of 
responding T cells, type of accessory/ stimula- 
tor cells, mouse strain, and culture time. Opti- 
mal conditions for individual laboratories and 
experiments must be derived empirically with 
respect to these variables, but general guide- 
lines are provided below. 

A number of agents can be employed in the 
first basic protocol to induce T cell proliferation 
(Table 3.12.1). T cells may be activated by 
pharmacologic means by producing an eleva- 
tion of intracellular free calcium with a calcium 
ionophore combined with activation of protein 
kinase C with a phorbol ester. The most direct 
means of inducing T cell activation involves 
stimulation with monoclonal antibodies that 
interact with the CD3/TCR complex — i.e., 
anti-CD3, anti-TCR-oP or -76, as well as anti- 
Vp antibodies that are capable of interacting 
with a subset of cells bearing a specific TCR. 
A vigorous T cell proliferative response of 
defined subsets can also be induced with cer- 
tain bacterial toxins known as staphylococcal 
enterotoxins . These toxins are often referred to 
as "superantigens" (Marrack and Kappler, 
1989) because they stimulate T cells via the 
variable (V) gene segment of the TCR. Differ- 
ent toxins have affinities for different VP chains 
and these specificities make them valuable re- 
agents for activating T cells. The activating 
capacity of toxins is also dependent on their 
ability to bind to MHC class II molecules (Le.» 
responding T cells react with the toxin/class II 
complex); thus, responsiveness varies with the 
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mouse strain used. Lectins such as phytohe- 
mag glutinin (PHA) and concanavalin A (Con 
A ) have been widely used for many years to 
activate T cells. Although the precise mecha- 
nism of action of these agents is unknown, it is 
likely that lectins activate T ceUs by indirectly 
cross-linking the TCR because TCR-negative 
cells will not respond to these agents. Lastly, it 
is also possible to induce T cell activation with 
monoclonal antibodies to cell-surface antigens 
other than the TCR; this protocol employs the 
G7 monoclonal antibody, one of the most ef- 
fective of the anti-Thy-1 activators (Gunter et 
aL, 1984). 

When comparing the reactivity of different 
cell populations, it is essential to perform dose- 
response assays for responder T cells and acti- 
vating agents and for both responder and stim- 
ulator T cells (in MLR), since each population 
may yield optimal responses at different cell 
numbers. This may reflect differences in fre- 
quency of responding cells, and hence may 
indicate a need to perform limiting dilution 
assays (units JS). Since peak responsiveness of 
different populations of T cells may occur at 
different times, it is also essential to perform 
kinetic experiments— i.e., compare respon- 
siveness at days 2, 3, 4, and 5. 

Differences in responsiveness need not nec- 
essarily be due to differences in the frequency 
of responding T cells, but may also indicate 
differences in the efficacy with which co-stim- 
ulatory activity or "second signals" are deliv- 
ered by the accessory cells present in different 
cell populations. Hie type of interactions per- 
tinent to the generation of primary responses 
by T cells is explained in tine commentaries of 
vnns sa sjl a xu. Specific requirements for 
inducing activation with immobilized antibod- 
ies have been described (Staerz and Bevan, 
1986; Hathcock et aL, 1989; Jenkins ct al., 
1990). A responding cell population com- 
pletely devoid of accessory cells (such as puri- 
fied populations of splenic or lymph node T 
cells or cloned T cells) will yield fine respon- 
siveness in an MLC, since accessory cell func- 
tion is provided by the stimulator cells; how- 
ever, the same population will generally not 
yield responses when mitogens, antigens, or 
enterotoxins are used. In such a setting, acces- 
sory cells may also function as antigen-present- 
ing cells (APC). Addition of irradiated or mi- 
tomycin C-treated syngeneic sources of acces- 
sory cells (either whole spleen cells or purified 
APC ; see first support protocol) can be used to 
restore responsiveness in purified T cells. The 
need for accessory cells can sometimes be 



bypassed when anti-ICR monoclonal antibod- 
ies are coupled to plastic, or when certain anti- 
Thy-1 monoclonal antibodies are used; how- 
ever, these conditions do not necessarily result 
in optimal responsiveness (Jenkins et al M 
1990). 

The level of [ 3 H]thymidine incorporation 
should not be regarded only as a reflection of 
cellular proliferation: some nondividing cells 
will synthesize DNA and "cold" thymidine 
released by disintegrating cells will compete 
with incorporation of labeled thymidine. 
Therefore, measurements of DNA synthesis 
should be accompanied by counting viable 
ceUs over the length of the culture period if a 
true estimate of cellular proliferation is to be 
obtained. Of course, cell death of nonactivated 
cells will also interfere with the accuracy of this 
last parameter. 

The sensitivity of proliferation assays is 
such that small errors in cell numbers will result 
in large differences in pH] thymidine incorpo- 
ration values. When values obtained in tripli- 
cate cultures correspond poorly (e.g., >5% dif- 
ference in cpm values >1000), technical prob- 
lems such as cell clumping, dilution, and 
pipetting should be considered. Excessively 
high values may be obtained from contami- 
nated wells, as pHJthymidine will be incorpo-; 
rated into replicating bacteria; therefore, it is 
good practice to check the wells from microli- 
ter plates under an inverted microscope for 
contamination. Contamination may also inter- 
fere with proliferation of the activated lympho- 
cytes. 

It is also useful to check for blast formation 
by microscopic examination of the cultures: 
activated lymphocytes will tend to enlarge, and 
detection of blasts will give a general indication 
of successful activation. 

The main problem that may occur with pro- 
liferative response assay s is high levels ofback- 
ground [ 3 H]thymidine incorporation in control 
cultures without antigens. This problem is fre- 
quently due to the fetal calf serum (PCS) used 
to supplement the cultures, which may be mi- 
togenic for B cells. Different lots of FCS should 
be screened to select those that are nonstimula- 
tory or only weakly stimulatory in the absence 
of other stimuli, and that support strong prolif- 
erative responses upon antigenic stimulation of 
T cells. 

If flat-bottom microti ter plates are used in 
the procedure and weak responses occur, it 
may be useful to switch to round-bottom 
plates. Our laboratory has found consistently 
better responses in round-bottom plates when 
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thymocytes are used as responder cells or 
with slight alloantigenic differences between 
responding and stimulating cells. In addition, 
antibody-mediated experiments yield better 
results with round-bottom plates. Presum- 
ably, this reflects better cell contact obtained 
in such plates; optimal responses will almost 
certainly occur at different cell numbers than 
in flat-bottom plates and densities will have 
to be adjusted accordingly. 

Although satisfactory responses to most al- 
loantigens can be obtained with complete 
RPM1-10 medium, it may be necessary to com- 
pare different media. This need arises when the 
proliferative responses are weak (U., when 
[3H]thymidine values for activated cultures are 
<10-fold higher than those for control cultures) 
and may occur under various circumstances: 
weak alloantigenic differences between re- 
sponder and stimulator cells , weak T cell pro- 
liferative function in the responder cells or 
diminished APC functioninthestimulatorceUs 
due to experimental manipulations, or a low 
precursor frequency of responding T cells. 
Thymocytes in particular do not contain a high 
level of responding T cells. Frequently, prolif- 
eration can be improved when complete Clicks 
or Dulbeccos media are used (with additives as 
described in appendix 2), presumably because 
these media contain additional nutrients and 
have an osmolarity more compatible with 
mouse serum than RPML 

When RPMI is used as medium, 5% COi 
will be sufficient but for other media, a 7-5% 
CO* concentration in the incubator will be 
more satisfactory. Generally, the buffering ca- 
pacity of DMEM is insufficient at 5%, but fine 
at 7-5%. Much will also depend on the prolif- 
erative activity of die responding population of 
Tcells (e.g., vigorous proliferation will reduce 
the pH in the cultures); it is therefore recom- 
mended to compare responsiveness in initial 
pilot experiments in incubators set at different 
CO2 concentrations. 

The culture period required for stimula- 
tion—after which the cells are to be labeled— 
varies for different laboratories, media, and 
types of responding and stimulator cells. Con- 
ditions eliciting weak responses, such as those 
obtained with thymocytes oraweak alloantige- 
nic difference, will require a longer culture 
period (5 to 6 days) than those which elicit a 
higher frequency of responding T cells (3 to 4 
days). Because laboratory conditions vary, it 
will be necessary to run a kinetic assay to 
determine the optimal time for T cell prolifer- 



ation. Addition of ftH] thymidine on days 2, 3, 
4, 5, and 6 will provide a useful test; further 
extension of the culture period will not yield 
any improvements, due to exhaustion of nutri- 
ents in. the medium. 

Anticipated Results 

For proliferative assays described in the 
basic protocol, which activate the majority of 
the responding T cells, responses of 100,000 
cpm should be obtained; in the MLR or follow- 
ing activation with monoclonal antibodies to 
subpopulations of Tcells (anti-Vp), responses 
up to 100,000 cpm may be observed; however, 
measurements of 20,000 cpm (with tight stan- 
dard errors) can be quite satisfactory. Back- 
ground values of <1000 cpm should be ex- 
pected. Reported results (as described in step 
9a) should be mean cpm of experimental wells 
minus background cpm (A cpm). 

Tune Considerations 

The time required to set up proliferative 
assays is not more than a day, with the number 
of hours depending on the number of different 
groups ofresponder cells that must be prepared. 
The time required for incubation of cells ranges 
from 2 to 6 days, as noted above in critical 
parameters. Following an additional 18- to 24- 
hr incubation period for pulsing, harvesting the 
cells and measuring cpm will require several 
hours depending on the number of plates (-15 
min for harvesting each plate and ~ 1 00 min for 
counting each plate at 1 min/sample). 
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LOOKING AHEAD 



Dendritic cells are allowing scientists to overcome a 
longstanding obstacle to research in immunology by extending 
the playing field beyond antigens to immunogens and beyond 
models to pathogens that cause disease. 



The Dendritic Cell Advantage: 

New Focus For 
Immune-Based Therapies 



by Ralph Af. Steinman 



The focus of i mmune therapeutics 
has been on lymphocytes, the 
cellular mediators of immunity, 
and the suppression of lymphocyte 
function. The drug ciclosporin (cyclo- 
sporine) is an excellent and successful 
example. However, medicine needs 
therapies that enhance immunity or 
resistance to infections and tumors. 
Medicine also needs strategies, 
whether suppressive or enhancing, that 
are specific to the disease-causing 
stimulus or antigen. In contrast to lym- 
phocytes, dendritic cells (DCs) provide 
a much earlier and antigen-specific 
means tor manipulating the immune 
response. DCs capture antigens and 
then initiate and control the activities 
of lymphocytes, including the develop- 
ment of resistance to infections and 
tumors (reviewed in references 1-3). 



Summary 

Dendritic cells (DCs) provide a much earlier and antigen-specific means for 
manipulating the immune response. The best-studied function of DCs is to con- 
vert antigens into immunogens for T cells. The "DC advantage" entails a myriad 
of functions. DCs are more than antigen-presenting cells; they are accessories 
or adjuvants or catalysts for triggering and controlling immunity. Another special 
feature of DCs is their location and movement in the body; DCs are stationed at 
surfaces where antigens gain access to the body. The events that make up the 
life history of DCs are now being unraveled in molecular terms. As research on 
DCs expands, more potential functions and more sites for their manipulation are 
becoming apparent. O 2000 Prous Science. AB rights reserved. ^ 



The controlling role of DCs is best 
known for thymus-dependent lympho- 
cytes or T cells which are important in 
many diseases, the most poignant 
being the AIDS epidemic (Table I). 
DCs were identified in a few laborato- 
ries that were focusing on the induction 
of immunity from resting T cells. It 
was noted that immune tissues (spleen, 
lymph nodes, lymph, blood) had a 
small fraction of cells with unusual 
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"tree-like" or "dendritic" processes. 
These distinctive cells had not been 
recognized previously and they proved 
to have distinct functions. Most impor- 
tantly, DCs were potent inducers of 
immunity even in animals, not just the 
test lube, and now even in patients 
(reviewed in references 1-3). 

The DC field was held back by the 
fact that there weie so few cells relative 
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TABLE I: HUMAN DISEASES THAT INVOLVE T CELLS 



P 



• Rejection of organ transplants and graft-vs.-host disease in bone marrow transplantation 

• Resistance to many infections including vaccine design 

• Vaccines against tumors and immune therapies for existing tumors 

• Allergy 

• Autoimmune diseases like insulinKlependent Quvenile) diabetes, multiple sclerosis, 
rheumatoid arthritis and psoriasis — - 



Antigen 



-> T-cell response 




Antigen 



dendritic cells 



T-ceH response 



(later shown to be MHC-pcptide com 
plexcs) become immunogenic when 
presented by DCs, 4 In other words, 
transplantation antigens when present- 
cd on many cell types are weak 
immunogens, but on DCs they become 
powerful inducers of immunity. 4 The H 
same is true of peptides that become ■ 
much more immunogenic when pre- 
sented on DCs. DCs activate T cells by WM 
getting them lo divide and express their ^ 
helper and killer functions. Then the 
activated T cells interact with other 
antigen-presenting cells to eliminate fl| 
the antigen in question. DCs are also 
called "nature's adjuvant," because 
prior adjuvants were artificial sub- 
stances used to enhance immunity. The ^ 
DC advantage entails a myriad of func- 
tions, some of which will be consid- 
ered below. 



Flo 1 A key function of dendritic ceils. Antigens within tumors, transplarrts ^ ^f^s 
Snte needto ^presented by DCs to become Immunogens. i.e.. to make T cells begin to 
grow and exhibit their helper and killer functions. 



I 
P 



to other players in the immune system 
such as B cells, T cells and 
macrophages. Tn reality, DCs are quite 
abundant for the job they have to do, 
namely, to initiate immune responses 
from antigen-specific T cells. In 
immune system organs like lymph 
nodes, DCs form an extensive network 
throughout the T cell-rich regions and 
physically outnumber any given anti- 
gen-reactive T cell by at least 1 00 to 1 . 
The DC field was also held back 
because many thought that the cells 
were no different from macrophages, 
thus keeping investigators from work- 
ing on the active DCs. Jn reality, DCs 
were identified on the basis of pro- 
found differences from macrophages, 
and their many distinct properties and 
functions were only uncovered by sep- 
arating DCs from macrophages. 

The best-studied function of DCs is 
to convert antigens into immunogens 
for T cells. The antigen receptors on T 
cells do not focus on intact proteins in 
microbes and tumors, but instead rec- 
ooniae fragmented or processed pro- 
teins, that is, peptides. The processing 
of protein antigens into peptides occurs 
within cells, and then the peptides are 



displayed or presented at the ceil sur- 
face affixed to products of the major 
histocompatibility complex (MHC) ? 
The ensuing interaction between a T- 



Potency of dendritic cells 
in initiating immunity 
in tissue culture 

What are some specific features of 
DCs that warrant attention? The first is B| 
their potency. Very small numbers of pi 
DCs are sufficient to trigger strong T- 
cell responses in test tubes. Immune , 



sen a i- vvu i^|/vn.^ ... »w« .~ 
cell receptor (TCR) and its specific assays are generally carried out with! 

laTcell impure antigen-presenting cells," 



MHC-peptidc complex allows 
to detect peptides formed within cells 
in transplants, tumors, sites of infection 
and self tissues attacked during 
autoimmune disease (Table I). 
"Antigens" refers to specific sub- 
stances recognized by the immune sys- 
tem, while 'immunogens" refers to 
antigens that effectively induce 
responses either by themselves or 
together with enhancing materials 
called "adjuvants." For T cells in par- 
ticular, antigens and immunog;ens arc 
not one and the same (Fig. I). Even 
preprocessed peptides and M HC-pep- 
tide complexes arc weak immunogens. 
This was evident early on in the work 
of Peter Medawar, the great scientist 
who discovered the immune basis of 
transplantation. He spent many years 
trying to purify functioning transplan- 
tation antigens. These efforts were to 
little avail. 

What was not known in Medawar's 
time is that transplantation antigens 



applied at a dose of one presenting cell 
for every T cell, the latter often prcac- 1 
tivated. In contrast roughly one DC | 
per 30-100 T cells is more than suffi- 
cient to induce optimal responses 
including responses by resting T cells. I 
A single DC can simultaneously acli- ■ 
vate 10-20 T cells nestled within its 
sheet-like processes. Therefore, DCs 
are more than antigen-presenting cells; 
they are accessories or adjuvants or 
catalysts for triggering and -controlling, 
immunity. 

It has always been clear thai the 
accessory function of DCs did not 
depend exclusively on their capacity to 
process antigens to form MHC-pcp- 
tidc complexes. This is because the 
stimuli thai were used to define ihc 
potency and immune-activating role of 
DCs did not require that the DCs 
process an applied antigen. Such stim- 
uli included major transplantation anti- 
gens, mitogens, contact allergeas, anfi- 
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Fig. 2. Distribution of dendritic cells in sftu. DCs at body surfaces and in solid organs can 
pick up antigens, move to the lymphoid tissues to find antigen-specific T cells and Initiate 
immunity. Molecular mechanisms are being uncovered that govern the mobilization, matu- 
ration, migration and mortality of these DCs. in the lymph node. T lymphocytes are select- 
ed for expansion and differentiation into helper and killer T ceils. The activated T cells then 
leave the lymph node to return to the body surface or peripheral organ to eliminate the anti- 
gen. 



T-cell antibodies and supcrantigens. 
Furthermore, once resting T cells were 
activated by DCs, the T cells respond- 
ed vigorously to antigens presented by 
other cell types, showing that the latter 
were not deficient in forming ligands 
for the antigen receptor on T cells, but 
instead lacked accessory properties. 

The word "accessory" has since 
been replaced by the terms 4t profes- 
sionaT and "co-stimulatory " but the 
basic concept is unchanged by shifting 
terminology. T ceils need stimuJi other 
than their specific trigger or ligand 
(MHC-peptide complexes) to begin to 
grow and function, for example, topro- 
duce the interlcukins and killer mole- 
cules mentioned above. DCs are potent 
in providing the needed accessory or 
co-stimulatory functions. For example, 
DCs produce an adhesion molecule 
called DC-STGN that binds to a target 
on resting T cells called ICAM-3, 5 and 
DCs express very high levels of a stim- 
ulatory molecule called CD86 that 
binds to CD28 on resting T cells. 6 
These are but two examples of the spe- 
cialized activities of DCs. These cells 
do not operate as a single magic bullet. 

Position of dendritic cells 
in vivo 

Another special feature of DCs is 
their location and movement in the 
body. As criteria were developed to 
identify DCs, it became feasible to go 
back into the animal and patient to look 
for the corresponding cells in different 
tissues. DCs are stationed at surfaces 
where antigens gain access to the body 
(Fig. 2, left). The skin and the airway 
have been the best studied. DCs are 
found in afferent lymphatic vessels, 
special channels that allow cells to 
move from peripheral tissues to lym- 
phoid organs, primarily the T-cell areas 
(Fig. 2, middle and right). This migra- 
tion is mast readily observed in models 
of skin transplantation and contact 
allergy, which are the two mast power- 
ful immune responses known. 

DC migration is likely to be very 
important. The body's pool of T cells 
primarily traffics through the T-cetl 
areas of lymph nodes, rather than 



through tissues where antigens arc usu- 
ally deposited. So when DCs capture 
antigens in the skin, airway or another 
peripheral tissue, their migration to the 
T-cell areas gives them a chance to 
select the corresponding rare specific T 
cells from the assembled repertoire 
(Fig. 2). The selected T cells then 
increase in numbers (clonal expansion) 
and function, enabling the specific 
immune response to begin. The initial 
frequency of T cells that recognize an 
antigen is very small. Only one in 
1 0,000-1 00,000 of T cells in the reper- 
toire responds to a specific MHC-pep- 
tide complex. Therefore, it is so precise 
and efficient for DCs to be able to pick 
up an antigen in the periphery and then 
initiate the immune response from rare 
T-cell clones in lymphoid organs. 

The events that make up the life 
history of DCs (Figs. 2 and 3) are now 
being unraveled in molecular terms. 
For example, scientists arc figuring out 
how to expand aniigen-capttiring pre- 
cursors to DCs using Ht3 ligand and 
granulocyte colony-stimulating factor 
(G-CSF). Key players for the mobi- 
lization of DCs from ihe periphery to 
lymph nodes are the multidrug resis- 
tance receptors, usually studied for 
their capacity to mediate resistance to 
chemothcrapeutic agents rather- than 



movement of DCs. Migration of DCs 
is controlled by chemokines produced 
in the lymphatic vessels and lymphoid 
organs (Fig. 2). These act on DC 
chemokine receptors to orchestrate 
their movement to the T-cell areas. 
Then within the lymphoid tissue, sev- 
eral members of the tumor necrosis 
factor (TNF) and TNF-receptor fami- 
lies, such as TRANCE and CD40 lig- 
and, trigger DC production of 
cytokines like intcrleukin- 1 2. The TNF 
family also maintains DC viability. 
Otherwise the cells die within a day or 
two. Each of these components of DC 
function provides targets for manipu- 
lating immunity. 

Priming of T-cell immunity 
via dendritic cells 

Animal studies 

During the early research on DCs, 
several labs administered antigens to 
experimental animals and then tried to 
identify the cells that had captured the 
antigens in a form that was immuno- 
genic. Regardless of the route of anti- 
gen administration (blood, muscle, 
skin, intestine and airway), DCs were 
the major reservoir of immunogen. 
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Next. DCs were used as nature's 
adjuvant to immunize animals. The 
DCs were taken from mice or rats, 
exposed to antigens ex vivo and inject- 
ed back into immunologically naive 
recipients. The animals became immu- 
nized to the antigens that had been cap- 
tured by the DCs, and the immuniza- 
tion took place in the lymph nodes 
draining the site of DCinjecuor, 
Genetic proof was provided that the 
DCs were priming the animal directly 
and not simply handing off their anti- 
gen to other cells. 7 -* 

DC-based immunization is really 
very different from all prior attempts at 
cell therapy. Immunology has had 
extensive experience with "passive 
immunization." whereby a recipient is 
given large numbers of cells thatare 
activated prior to injection. It is hard to 
produce such large numbers of cells, 
and their lifespan, diversity and effica- 
cy arc all finite. In contrast, when rela- 
tively small numbers of ant.gen- 
charged DCs are used to induce 
immunity, this produces "active .mmu- 
nizalion." Now the animals (and 
patients, see below) can make the.r 
own diverse and longer lasting 
immune response to the antigen-bear- 
ing DCs. 

Human studies 

The above experiments made it 
clear that DCs, pulsed ex vivo with 
antigens, actively 

and raised the exciting possibility that 
scientists would be able to induce resis- 
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Fig. 4. The use of dendrite cells ^ i^^'^" be£| ins "fth the isolation of DC 
reltaT^munity ard thereby resistance to the <teease. p 



tance to tumors, infections and trans- 
plants in patients. For example, could 
one expose patients' DCs ex vivo to 
antigens in their tumors and then rein- 
fuse the antigen-bearing DCs to elicit 
tumor-specific immunity (Rg. 4)? This 
approach is actually not terribly com- 
plicated, but one First had to overcome 
a major obstacle and learn to generate 
large numbers of DCs. These tech- 
niques became available in the 1990s. 
They have energized the field and. 
accordingly, clinical trials, for the 
immunization of humans against can- 
cer have begun on most continents. 



ll is evident that DCs can serve as P 
adjuvants For humans, converting anti- 
gens into immunogens* 10 Even in 
advanced cancer, immune responses I 
already have been observed that are r 
similar to or better than immune 
responses obtained with other I 
approaches. However, this approach is | 
still in its preliminary stages, since a 
good deal of science remains to be 
developed. On the one hand, there arc 
critical unknowns in terms of overall 
DC biology. Many of the clinical stud- 
ies to date, for example, have over- 
looked key features that could improve 
DC function, such as the need for DCs 
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to be sufficiently mature (see below) to 
be effective in vivo. Also, DC biology 
has to be placed in the context of spe- 
cific tumors and pathogens and 
patients for DC-based therapies to be 
optimized. 

To summarize and further illustrate 
the role of DCs in the context of human 
disease (Table I), consider the need to 
harness T cells to resist tumors and 
chronic infections. Protein antigens 
often arc known for a tumor-like 
melanoma, or for a virus like HIV- 1 
whose genetic sequence has been 
available for more than 15 years. 
However, this knowledge about anti- 
gens from melanoma and HIV- 1 anti- 
gens remains to be converted into 
methods that provide better immuno- 
gens either for immune therapy of 
melanoma or for the design of HIV- 1 
vaccines. This is because some impor- 
tant facts of immunological life are 
being overlooked. When antigens arc 
injected, they also need to gain access 
to the right DCs to become immuno- 
gens(Fig. I). 

Delivering antigens 
[ to dendritic cells 

Broadly speaking, a central goal is 
to learn how to deliver or 44 targef ' anti- 
I gens to DCs and simultaneously to dif- 
ferentiate or "mature" the cells to their 
most potent state. These two chal- 
lenges, antigen targeting and DC mat- 
[ uration, prove to be intertwined. 

Targeting means that the antigen 
should be in a form that the DCs can 
recognize. Without such recognition, 
the uptake and subsequent processing 
of antigen to form MHC-peptide com- 
plexes is suboptimal. DCs have a num- 
ber of special mechanisms for captur- 
ing antigens and converting these into 
MHC-peptide complexes (Table II). 
For example, DCs have a receptor 
called DEC-205 whose binding part- 
ners or ligands are still unknown. 
Nonetheless, it is clear that DEC-205 
greatly increases the capacity of DCs 
to form MHC-i>cptide complexes." 
DCs also carry out a fascinating 
process called "cross-presentation." 
DCs can take up dying cells and effi- 



TABLE II' DENDRITIC CELL SPECIALIZATION TO INCREASE MHC-PEPTIDE 

COMPLEX FORMATION 

• Receptors for antigen uptake, e.g., DEC-205 

• Processing of dying ceils, nonrepUcating microbes and immune complexes onto MHC class 
I f cross-presentation*) 

• Regulation of antigen processing by maturation stimuB 

• Clustering of T-ce)l receptor ligands with co-stimulators like CD86 



ciently extract peptides from them, so 
antigens "cross** from the dying cell to 
the DC The discoverers of this phe- 
nomenon called it "resurrecting the 
dead/* 12 Cross-presentation allows 
DCs to efficiently form MHC-peptide 
complexes from dead cells in tumors, 
transplants and tissues under autoim- 
mune attack. 

Special uptake and processing 
mechanisms allow DCs to tailor a pro- 
tein antigen, as well as the proteins in 
a complex microbe or tumor cell, into 
peptides that bind to an individual's 
MHC products. The latter arc excep- 
tionally polymorphic, differing geneti- 
cally from one individual to another. 
As a result, the relevant immunizing 
peptides differ from one individual to 
another. One reason why peptides are 
not ideal immunogens is that they must 
be individualized. DCs, in contrast, can 
capture antigens with high efficiency 
and likewise extract peptides that are 
relevant for any individual. 

A second DC advantage is that 
these cells have the many required 
accessory or co-stimulatory properties 
for converting the selected peptides 
("antigcas") into effective immuno- 
gens. A third DC advantage is that 
these cells position themselves in a 
way that leads to the identification of 
rare antigen-reactive T lymphocytes in 
vivo (Fig. 2). DCs thus overcome many 
of the difficult obstacles in initiating 
immunity. 

In order for an antigen to be a 
strong immunogen, one needs to pro- 
vide a stimulus for the final differenti- 
ation or maturation of the DCs (Fig. 3). 
Most DCs in the body are in an imma- 
ture state and lack many features that 
lead to a strong T-eeil response. 



Immature DCs for example, lack the 
CD86 and CD40 molecules that great- 
ly boost the DC-T cell interaction. 
Immature DCs also lack a chemokine 
receptor called CCR7 that seems very 
important for proper migration and 
homing to lymph nodes to start immu- 
nity. For cancer immunology, it is 
unlikely that tumors provide matura- 
tion stimuli. Tumors may even block 
DC maturation induced by other stim- 
uli. Therefore it is important to learn 
how to deliver tumor cells to DCs and 
bypass the normal obstacles to effec- 
tive antitumor immunity. 

Surprising recent evidence actually 
links DC maturation to the efficient 
formation of MHC-peptide complexes 
or TCR ligands (Table II). Immature 
DCs take up antigens, but they do not 
make abundant MHC-peptide com- 
plexes until they receive a maturation 
stimulus. 1 * 14 Maturation also up-regu- 
lates CD86 co-stimulators, but the 
CD86 actually travels togelher with the 
TCR ligands to the surface of the DCs. 
At the DC surface, the MHC molecules 
and CD86 remain clustered with each 
other, keeping the machinery for T-cell 
activation juxtaposed. This phenome- 
non will help explain the potency of 
DCs because TCR ligands and co- 
stimulators are displayed together on 
the cell surface and in high levels. 

Control points beyond 
antigen targeting and 
maturation of DCs 

Research on DCs is moving more 
vigorously, because the cells are more 
readily available and because their role 
in the immune system is considered 
essential. Nonetheless, researchers in 
this field are just beginning to find 
ways to manipulate DCs in situ. 
Putting together an antigen that targets 
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to DCs with a stimulus for DC matura- 
tion will be a major step in improving 
the conversion of antigens into 
immunogcns, as in immune-based 
therapies against tumors and infectious 
agents. 

Additional challenges and ques- 
tions are evident: 

• How can DC numbers be increased 
in situ and how can active DCs be 
mobilized to a cancer or site of 
chronic infection? 

• Can DCs induce strong immune 
memory to make vaccination long 
lasting and effective (we have only 
been reviewing the role of DCs in the 
initiation of immunity)? 

• Can DCs change the quality of the 
immune response? "Quality- refers 
to recent evidence for different types 
of DCs, especially a subset that 
induces Thl-type T cells for resis- 
tance to infectious agents and strong 
memory. 

• Is it possible to move beyond DC- 
based immunization experiments 
and use DCs to either regulate or 
tolerize the immune system, as fre- 
quently required in transplantation 
and autoimmune diseases? 

• Can DCs influence elements of the 
immune system other than T cells; 
for example, B cells and the innate 

* defenses provided by natural killer 
(NK) and NK-T cells? 

The answer to all these questions is 
a preliminary "yes." As research on 
DCs expands, more potential f unctioas 
and more sites for their manipulation 
are becoming apparent 

Dendritic cells and better 
control of disease 

DCs provide important avenues tor 
the investigation of human disease. 
Many labs are exploiting DCs to iden- 
tify antigens relevant for immunity 
against human pathogens. In these 
experiments, one introduces complex 
but clinically important antigens to 
DCs and then identifies which compo- 
nents are best presented to the immune 
system. We have recently used this 
approach to identify previously un- 
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known immune responses to the 
Epsteia-BarT virus, 15 a virus we all 
cany that has the potential to cause 
cancer like Hodgkin's lymphoma. 
Other laboratories have been using 
DCs to identify new antigens in other 
infectious agents, in transplants and in 
cancers like melanoma. 

Investigator are also manipulating 
DCs ex vivo and then reinfusing the 
cells to identify conditions leading to 
strong immunity in patients (Fig. 4). In 
particular, DC-mediated active immu- 
nization against cancer is being vigor- 
ously pursued, as mentioned above. 
Instead of manipulating DCs ex vivo, a 
more desirable goal would be able to 
alter DCs directly in situ. Some 
approaches arc under way. An example 
is the injection of cytokines like flt3 
iigand and G-CSF to mobilize various 
precursor populations of DCs. One 
should also develop methods to control 
DC mobilization, migration and matu- 
ration, in sum, DCs are allowing sci- 
entists to overcome a longstanding 
obstacle to research in immunology by 
extending the playing field beyond 
antigens to immunogcns and beyond 
models to pathogens that cause dis- 
ease. 
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ABSTRACT Cytotoxic lymphocyte maturation factor 
?CUWF)b a disufflde-bonded heterodimerk lymphoktoe that 
(i) artsasa growth factor for activated T cells independent of 
uterlenkh. 2 and (u) aynergtas with snbopttaal ™o«*tra- 
S^Tof mterfeukln 2 to Induce lympbokine-^ted kllfcr 
cefls. We now report the cloning ^ «P"^ * t^Z! 
CLMF wibunlt cDNAs from a lymphoblastoid B-cefl Hne, 
NG37. The two subunfte represent two distinct and nnretated 
«ne products whose mRNA* are co^tefr indnced upon 
^vaUon of NC-37 cells. Coexpression of the two submit 
cDNAs in COS alb is necessary for th* secreton of blotogi«aiy 
^ri^ CLMF- ros cells transfected with either subunlt cDNA 
SK'secSeWtive CLMF. Recombinant JZLMF 
Sussed to mammalUn cells display, biologic activities es- 
^Swendcal to natural CLMF, and its activities can be 
«utr»lLd by monoclonal antibodies prepared M-b*"**^ 
CLMF. Since this beterodtmeric protein displays the propertte 
tfaTinLleukin, we propose that CLMF be given the desig- 
nation interleukin 12. 

Hie molecular cloning and expression of recombinant cyto- 
kSs has made possible both significant advances in our 
understanding of the molecular basis of immune responses 
and t^Tvclopment of new approaches to the treatment of 
disease states. As an example, recombinant interieukin 2 
(recombinant IL-2) has been shown to be capable of causing 
regression of established tumors in both exp^mental ani- 
mal) and in man (2); however, its clinical use has been 
assoefcted with significant toxicity (2). One potential ap- 
proach to improving the therapeutic 
cytokines is to use them in combinauon (3, 4). With this 
Spt in mind, we initiated a search for novel cytokines 
that would synergizc with suboptimal concentrations of re- 
combinant IL-2 to activate cytotoxic lymphocytes in vitro 
and thus might have synergistic mmiumKnhanang effects 
whe* 3ni»d together with recombinant IL-2 in vtvo. 
This led to the identification of a factor, designated cytotoxic 
^phocyte maturation factor (CLMF), that synergized with 
SnSnt IL-2 to facilitate the generation of both cytolytic 
rfyTphocytes (CTLs) and lymphokine-activated killer 
OAK) cells in vitro (5, 6). CLMF ^^^^^ 
totomogeneity from a human ^Phoblastoid £ceU Une 
(NC-37) and was shown to be a 75-kDa disulfide-bonoed 
heterodimer composed of two subunits with molecular 
^7 AO klfcaod 35 kDa (7).1 We now report the 
molecular cloning and expression of CLMF. 

^SnTartide must therefore be hereby marked ^"J**™** 
taSm with 111 U,S.C 51734 tcMy to indicate tfau fact. 



MATERIALS AND METHODS 

cDNA Ckming. A subline of NC-37 cells selected for its 
ability to produce high levels of CLMF (7), NC-37.98, was 
induced with phorbol 12-myristate 13-acetate (PMA) and 
calcium ionophore A23187 for 16 nr. Poly(A) + RNA was 
isolated, and random hexamer-primed cDNA libraries were 
established in phage AgtlO by standard procedures. Mixed- 
primer polymerase chain reaction (PCR) using controlled 
ramp times (8) was performed as follows. PCR primers 
contained all possible codons and were 14 or 15 nucleotides 
long (Fig. 1) with a 5' extension of 9 nucleotides containing 
an £coRI site for subcloning. Degeneracies varied from 1 in 
32 to 1 in 4096; OJ-4 pmoi per permutation of forward and 
reverse primer was used in a 50- to 100-/il PCR mixture with 
40 ng of cDNA made from NC-37.98 cells that had been 
activated by culture with 10 ngof PMA and 25 ng of calcium 
ionophore A23187 per ml for 16 hr (40-kDa subunit) or with 
3 ug of human genomic DNA (35-kDa subunit). PCR cycling 
parameters were as follows. Initial denaturation was at 95°C 
for 7 min. Low-stringency annealing was performed by 
cooling to 37°C over 2 min, incubating 2 min at 37°C, heating 
to 72°C over 2.5 min, extending at 72°C for 1.5 nun, heating 
to 95°C over 1 min. and denaturing at 95*C for 1 mm. This 
cycle was repeated once. Thirty standard cycles (40-kDa 
subunit) or 40 standard cycles (35-kDa subunit) were per- 
formed as follows: 95°C for 1 min, 55°C for 2 min, and 72°C 
for 2 min. Final extension was at 72°C for 10 min. "Ampli- 
cons'* of the expected size were gel-purified, subcloned, and 
sequenced. The 40-kDa subunit cDNAs were isolated by 
hybridizing the 54-mer amplicon in 5 x SSC (lx SSC ~ 0.15 
M NaCl/0.015 M sodium citrate, pH 7) containing 20% 
formamide at37"C overnight. Filters were washed in 2x SSC 
at 42°C for 30 min and exposed to x-ray film. The 35-kDa 
subunit cDNAs were isolated by hybridizing the 51-mer 
amplicon in 5x SSC/20% formamide at 37°C overnight. Hie 
fi Iters were washed in 2x SSC at 40°C for 30 min and exposed 
to x-ray film. Positive clones were plaque-purified, their 
inserts were, subcloned into the pBhiescript plasmid, and 
their sequences were determined by using Sequenase. 

Expression. cDNAs were separately engineered for expres- 
sion in vectors containing the simian virus 40 early promotor 
essentially as described (9). COS cells were transfected with 
both CLMF subunit expression plasmids mixed together or 

Abbreviations: CLMF. cytotoxic lymphocyte 
rCLMF and nCLMF, recombinant and natural CLMPs; CTL, cy- 
tolytic T lymphocyte; 1L, interleukin; LAK, lymphokine-activated 
kMer PHA, ph^hcmagglutinin; PMA, phorbol 12-myrutate 13- 
acetate; n, natural; PCR, polymerase chain reaction. 
tTo whom reprint requests should be addressed, 
trhe cDNA sequences reported in this ^^.^S^^ 1 " 

the Genbank data base (accession nos. M38443 (35-kDa CLMF 

subunit) and M3S444 (40-kDa CLMF subunit)]. 
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X HCPARSLLLV ATLV i^Hl X TARKLPVATP DPGKFPCU1H SQNIXRAVSN 

51 MLQKARQTLE FYPCTSEEID HEDITKDKTS TVEACLPLEL TKNESCLNSR 

10 1 ETSFITNGSC USmSM AIXLSSIYED LKMYQVEFKT MNAKLLMDPK 

151 RQIFLDQNML AVIDELHQAL NFNSETVPQK SSLEEPDFYK TKIKLCILLH 

201 AFRIRAVTID RVTSYUJAS 



1 HCHQQLVISW 

51 DTPEEDGITW 

101 LUXHKKEDG 

151 DLTFSVKSSR 

201 AAEESLPIEV 

251 QVEVSWEYPD 

301 RKNASISVRA 



FSLVFLAS^L 
TLDQSSEVLG 
IVSTDILKDQ 
GSSDPQGVTC 
MVDAVHKLKY 
TWSTPHSYFS 
QDRYYSSSWS 



> 

TfclWELKKDV 



SGKTLT1QVK 
KEPKNKTFLR 
GAATLSAERV 
ENVTSSFFIR 
LTFCVQVQGK 
EWASVPCS 



YWELDWYPD 
EFGDAGQYTC 
CEAKNYSGRF 
RGDNKEYEYS 
DIIKPDPPKN 
SKREKKDRVF 



APGEMWLTC 
HKGGEVLSHS 
TCWWLTTIST 
VECQEDSACP 
LQLKPLKNSR 
TDKTSATVIC 



of amplification. 



At d*T until tested in the bioassays. 
^^ mS Standard molecular biological proce- 
duSTre «S as described (10). CLMF b.oassays were 

^^££E.ne National Biomedical Research 
Fo^SproSf^ta base (Release 26.0] I * , weUas d» 
Genbank and European Molecular Bio ogy Laboratory da- 
SSSr^s «S£rt 24.0 "spectiveW were search^ 

program (mutation date matrix, break penalty of 6, set ref. 
11). 

RESULTS 

Partial N-termina! amino acid sequences of ( the two* CLMF 
sutanits (7) were used to generate completely defined 51- to 
SSS* (bpMong oligonucleotide probes by means of 
r ' „ urobes were used to screen cDN A 

cD^Vencoding the two summits were isolated and cbar- 
. JhLi BoA cDNAs encode secreted proteins with a 
ScShyd^hoS^ermina. signal peptide 
» » oIjKiithe N terminus of the mature protein as deter- 
f °" ™teta £££* (7)- Two independent cDNA 
££KSSw«c shown to be identical. 
Roih e nc^fth7n«ture 40-kDa subunit that is composed of 
Sffambo^SS** M r - 34,699) and contains 10 
^.^LMues and four potential N-linked glycosylation 
sk« F« T^oof toeserites are within isolated tryptic 
pSdef derived from the purified 40-kDa CLMF ^bumt 
ffin Amino acid sequence analysis has shown that Asn- 



222 is glycosylated, whereas Asn-125 is not (Fig. 1; F. 
Podlaski, personal communication) The mature > 35-kDa sub- 
unit is composed of 197 amino acids (calculated « r - J2413). 
with 7 cysteine residues and three potential N-linked glyco- 
svUtion sites (Fig. 1). When purified CLMF is reduced with 
2-m?r^ptoe^land analyzed by SDS/PAOE, the 35-kDa 
subunit appears to be heterogeneous, suggestu^ that it may 
teh^vilvslycosylated (7). Two variants of 35-kDa summit- 
«cS cDS were isolated. The first type had die 
sequence shown in Fig. 1. Additional isoUueswntor^d what 
is probably an allelic variation, replacing Thr-213 with a 
methionine residue. 

Computer searches of sequence databases showed thatthe 
amino acid sequences of the two sub-units are not rebted to 
any known protein; The subunit sequences are also not 
related to each other; since a comparison using the align 
program (11) gave a score of 1.27; only scores >3 are 
considered to indicate significant evolutionary relationship 
(12) The genes encoding the subunite appear to be unique, 
since low- and high-stringency hybridizations of genomic 
blots revealed identical banding patterns (data not shown). 
RNA blots showed the size of the 40-kDa subunit mRNA to 
be 2.4 kb. whereas the 35-kDa subunit was encoded by a 
1.4-kb transcript (Fig. 2). Expression of the two mRNAs 
encoding the summits was coordinately regulated upon in- 
ductionVig. 2). When NC-37.98 cells were activated with 
PMA and calcium ionophorc ■»NAeiiec^«di 
of the CLMF subunite was minimally detectable at 6 hr after 
the beginning of induction but was readily detected at 24 hr 
^continued to accumulate until maximal levels were 
racheTat™ hr (normalized to GAPDH levels; see 

IhTlegend to Fig. 2). In contrast, the mRNA for IL-2 in 
activated NC-37.98 cells was already at high levels at 6 hr and 
22££y decreased, whereas die mRNA, for the tow- 
affinity IL-2 receptor (p55) followed the induction , pattern 
seen for the CLMF subunite. Scanning of RNA blots also 
revealed that steady-state mRNA levels for the 40-kDa 
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. DXJA Mntft «howin£ the coordinate induction of the 
^^k^WCLMF subunit mRNAs and IL-2 mRNA 
JftMISf n*NA (0). WyCA)* RNA (5 Mg) from 
NC 3%ccnsS«l with 10 ng of PMA and 23 ng ofcataum 
. l^L a«i87 ner ml were loaded in each lane. Lanes from left 
lonopbore ^^^JXrNAs isolated 6. 24, 30,48, and 72 hr after 

induction, Wf^^^'fioi after stripping and rebybridization 

rr MF subunit were severalfold higher than those for the 
S£ subunit expressed by the same cells. ThU finding 
SSSs "E oLrvation that activated NC37 cells secrete 
SSs free ^kDa subunit protein (7). The 3' untranslated 
^nceTof both CLMF subunit mRNAs contain several 
octamer motif TTATTTAT (data not shown) 
™ B JLTnce is present in other transiently expressed 
invoWcd in regulating mRNA stability (13). 

»*» CLMF subun* 
tvma! !n rOS cells was required to generate secreted 
£Em SaLMF (Table 1 and Fig. 3). COS cells 
SeSS c DNA encoding either the 40-fcDa subunit 
S£ Ae 35-kDa subunit alone did not secrete biologJcaUy 
t^ aSSL 1). Mixing media conditioned by COS 

Table 1. Coexpresskro of both CLMF subunit 
active CLMF by COS cells ' 
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cells that had been separately transfected with one or the 
other of the two CLMF subunit cDNAs also did not give rise 
to bioactive CLMF (Table 1). 

' Two types of assays were used to compare rCLMF and 
nCLMF. The first assay measures the proliferation of phy- 
tohemagglutinin (PHA)-activated human peripheral blood 
lymphocytes, whereas the second assay evaluates the syn- 
ergy between CLMF and suboptimal concentrations of IL-2 
in the generation of LAK cells in hydrocortisone-containing 
cultures (7). The data in Fig. 3 show that rCLMF as expressed 
in COS cells and nCLMF as purified from NC-37 cells are 
essentially identical. Dose-response curves for rCLMF and 
nCLMF were superimposable in each of the two assays, and 
rCLMF was neutralized by a monoclonal antibody raised 
against nCLMF. Conditioned media from cultures of mock- 
transfected COS cells displayed no activity in these assays 
(Table 1 and data not shown). 

DISCUSSION 

In a previous report (7), we described the purification of a 
heterodimeric cytokine, CLMF, that synergized with low 
amounts of IL-2 to cause the generation of LAK cells ui the 
presence of hydrocortisone and stimulated the proliferation 
of activated T cells independent of IL-2. In the present 
report we have used the N -terminal amino acid sequence 
information previously obtained to clone the two subunit 
cDNAs of CLMF. Protein purification of NC-37 cell line- 
derived CLMF had shown that the protein was composed of 
two disulflde-bonded subunits with different N-terminal 
amino acid sequences (7). However, it was not clear from our 
previous results whether the two subunits were processed 
from one common gene product and whether proteolytic 
posttranslational processing other than signal peptide cleav- 
age was occurring. The molecular cloning and sequencing of 

cDNAf is required for secretion of biologically 



Addition 



Cone, 
units/ml 



I'HJThymidine 
incorporated by 
PHA-activated 
lympboblasts, mean 
Dilution cpm ± 1 SEM 



Cytokine* 
None 
nCLMF 
nCLMF 
ii CLMF 
dCLMF 

Culture fluid from COS cells transfected with 
A # 35-kDa CLMF subunit cDNA 

B. 40-kDa CLMF subunit cDNA 

C. 35-kDa + 40-kDa CLMF subunit cDNAs 
1:1 mix of culture fluids A and B 

CM from mock-transfected control* 



200 
40 
8 

1.6 



11,744 ± 514 
68,848 ±878 
48,827*605 
26328 £594 
17.941 ± 196 



1:20 

1:100 

1:20 

1:100 

1:20 

1:100 

1:10* 

1:50 

1:20 

1:100 



11.912 
10,876 
11.699 
11,666 
58,615 
38.361 
11,544 
10,503 
11,503 
10,751 



±660 
± 232 
±931 
±469 
±587 
± 828 
±483 
±259 
± 286 
±303 



^-activated lycnphoblasU were prepared from *»™>l^^^£^ 2 ^\tf 
Cone., concentration. ^ „ t wo 

&^£Zt7A of «odc tnuufccfcd COS cCU. 
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5 15 45 

Cytokine, units/ml 




-O- O 



25 



CLMF, units/ml 



Fio 3 Comparison of biologic activities of nCLMF (drclca) and 
JSiL* ToSfWXMF. squares). nCl^F^pu^fr^ 
^Conditioned me<Jia; rCLMF was purified from conditioned 
St^^Z^fcS^ transfected with cDN^ encoding the 
^^SdlSS human CLMF subunits. ^ *o«ih 
fectoTasBy. The ability of CLMF to stimulate the proliferation of 
hCn^i^vatedTrnphc*^ i" 48-hr culture, w»^" 
T"3ji7n riKF ureparations were mixed with neutralizing rat 
anu^^uX.tibody 4A1 (ref. 7, open , vmboU)or 

rrf 20 of IsG/ml and were incubated far 30 mm at 3TC pnor to 
a^rfP^bhuts. AD values are means of ^ta^detxrm^ 
£auL»*r) LAK cefl induction assay. TrKfbiUty of CLMF.^J 
H cognation with recombinant OA ^^.^^ 
iJVKcdliin 4-day cultures was assessed as described (7). Low-deniity 
^Sbk^ymphW were incubated in the preset of vanous 
•^Snn^orrCLMF with (closed symbols) or without (open 
^^ISSSSS^^ units/ml. Units of CLMF activity 
w^MeTSTpmfeiis titrations in the T<eO growth factor assay. 
HvdS^cSn succinate (Sigma) was included at a concen- 
SoTo^m^Tto minimize triggering of endo^nou, cg*» 
c^deT Lysis of^^edf^celb was assessed at an effector/ 
SSo rf3:l. The data shown represent the rmaraof quadrupbeate 
o^mnations. The spontaneous *»Cr release was 20%. 
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the corresponding cDNAs now has demonstrated that there 
is no common precursor for the two CLMF subunits; rather, 
they are encoded by completely different genes. The pre- 
dicted and actual amino acid composition for the two sub- 
units are strikingly similar; differences in predicted versus 
actual molecular weights are accounted for by glycosylation 
(F Podlaski, personal communication). Thus, the only major 
posttranslauonal proteolytic event that appears to take place 
in the maturation of the CLMF subunits is signal peptide 
cleavage. ■ . 

The kinetics of expression of the individual CLMF subunit 
mRN As were examined and compared to the expression of 
mRNAs for IL-2 and the IL-2 receptor p55. Previously it had 
been observed that NC-37 cells, like certain murine (14) and 
marmoset (15) B-cell lines, secreted IL-2 when activated 
(M KG unpublished results). RNA blots demonstrated that 
upon activation of NC-37 cells, both CLMF subunit mRN As 
were coordinated induced with kinetics similar to the IL-2 
receptor (p55) mRNAs. On the other hand, IL-2 mRN A 
levels peaked much earlier. Similar differences in induction 
kinetics were also seen at the level of IL-2 and CLMF 
bioactivity secreted from NC-37 cells (M.K.G., unpublished 
data). These kinetic differences are consistent with our 
previous observation that in a cytolytic lymphocyte re- 
sponse, IL-2 appears to act earlier than CLMF (5). 

Transfection studies with COS cells established that only 
expression of both subunit cDNAs gives rise to secreted 
bioactive CLMF, Thus, it appears that the two proteins have 
to interact within the endoplasmic reticulum to assemble 
properly into bioactive secreted CLMF. By comparing the 
activity of rCLMF to that of nCLMF in the T-cell growth 
factor and LAK cell induction assays (Fig. 3) and assuming 
that the specific activity of rCLMF is similar to that of 
nCLMF [8 x 10 7 units/rag (7)] t we estimate that the amount 
of rCLMF heterodiroer produced in these experiments was 
5-50 ng/rnl. Hie finding that COS cells, which are fibroblast- 
like cells, are able to assemble correctly the two CLMF 
subunits to form bioactive CLMF indicates that this secretion 
and processing pattern is not limited to cells of the lymphoid 

UD Western blot analysis using an anti-CLMF antibody spe- 
cific for the 40-kDa subunit has allowed confirmation that (0 
COS cells transfected with both CLMF subunit cDNAs 
secrete CLMF with the expected heterodimeric stnicture and 
(u) COS cells transfected with the 40-kDa subunit cDNA 
alone secrete that subunit (F. Podlaski, personal communi- 
cation). Since no bioactivity was detected in media condi- 
tioned by COS cells transfected with only the 40-kDa subunit, 
that subunit by itself appears either to have a much reduced 
specific activity compared with heterodimeric CLMF or to be 
completely inactive. mt t _ r 

Because of the lack of a high-affinity antibody specific for 
the 35-kDa subunit, we have not yet been able to determine 
definitively whether COS cells transfected with only the 
354cDa subunit cDNA secrete that subunit. Since no bioac- 
tivity was detected in the media, secretion of a bioactive 
35-kDa subunit by itself could be very inefficient; alterna- 
tively, siniilar to the 40-kDa subunit, the protein could be 
much less active or inactive altogether. IntraceUular 35-kDa 
protein in the absence of the other subunit could be inherently 
unstable; there is precedence for this phenomenon, since it 
has been reported that 90% of the 0 chains of lutropin (LH), 
when expressed in the absence of a chains, are retained in the 
endoplasmic reticulum and are slowly degraded (16). Simple 
mixing of media conditioned by COS cells i tnmsfected sep- 
arately with either one of the two CLMF subunit cDNAs did 
not yield bioactive CLMF. One rx>ssible explanauon would 
be that the cells do not secrete the 35-kDa CLMF subunit by 
itself. More likely, our experimental conditions did not allow 
proper heterodimer formation. One would expect that only 
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carefully controlled renaturation and oxidation conditions 
would allow the disulfide bond formation required for gen- 

e to°r^ 

appropriate induction conditions produce both CLMF sub- 
unit mRNAs and secrete the active protein (N.N. and 
M K.G., unpublished data). There is some evidence suggest- 
that CLMF is produced predominantly by B cells n 
preliminary experiments, B-cell mitogens have appear^ I to 
^ morVdffecdve than T*e ^mitogens in ehciting CJMF 
production from peripheral blood lymphocytes (M.K.G., 
Kblished result). When screening human cell lines for 
their abflity to produce CLMF activity (7), we observed that 
of & ftS lines tested produced CLMF after acta, 
vation with PMA and calcium lonophore, whereas none of 
fivc^U lines produced CLMF. Nevertheless, three of 
!?'t^11 lines ^creted large amounts of IL-2 and tumor 
SsTriac w aSSr after activation (M.K.G., unpub- 

JSiSn a heterodimeric cytokine similar or idenUcal to 
CMp'JL isS torn RPMi 8866 lymphoblastoid B cells 
frtA^ttcrt ^n (18) has indicated that B lymphocytes 
( S ^lS^(s) distinct from IL-2 that facilitates 
v^s^pecific cytolytic T-lymphocyte responses. It is possi- 
^thatCLMF may have been the cytokine active in those 
£d£ ^ X y u£?B lymphocytes have not traditior^ly 
been viewed as cytoWne-producing helper cells, i is con- 
sole that CLMF production constitutes a novel mecha- 

ofTlymphocyte responses. In addition to the biologic : ac- 
?wSHescX in this report, CLMF by itself has been 
ifim (0 ^activate NK cells in an 18-22 hr assaMi/) to 
SSU tte generation of specific aUogeneic CTL re- 
I^n^r and (iff) to stimulate the secretion of y interferon by 
S£Sl^ (M.K.G., unpublished 

Sff'can also synergize with low concentrations of 
recombinant IL-2 in the latter two assays and in causing the 
SS o? resting peripheral blood lymphocytes. In 

^ diverse actions on lymphoid cells, it appears that CLMF 
SiJSs ancw interieukin. We propose that CLMF be 
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given the provisional designation IL-12. The availability of 
recombinant CLMF will now make possible a broader and 
more detailed characterization of its biology. 
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Immunization With Melan-A Peptide-Pulsed Peripheral Blood 
Mononuclear Cells Plus Recombinant Human Interleak.iD.-12 
Induces Clinical Activity and T-Cell Responses In 

Advanced Melanoma 

By Amy C. Peterson, Helena Harlin, and Thomas F. Gajewski 



Purpose: Preclinical .!«<«« .hawed ^ 
whhleriphercl blood mononuclear < P ™^£^ 
with £mor antigen peptide, plu, '.J? 1 re- 

duced CDS* T-cell respon.es and tumor ™ » 

cenrty determined that recomb.nant hu " an ^ 1 ^" "L 3 ? 
to 1 00 ng/kg is effective at a vaccine ad,uvont ,n patent*. A 
SiaseH study of immunisation with Melan-A pephde- 
JCSed PBMC + rhlt-12 wa. conducted in 20 patient, wrth 

advanced melanoma. A^.iriv« 
7nd Methods: Pohent* were HIA-A^^osrtwe 
and had documented Melan-A expression. Immunixahon 
^io^ every 3 weeks with clinical evaluation 
every three cycles. Immune responses were measured by 
lUsXt asscr/before and after treatment and through the 
fi«t Ar^c^es!and were correlated with clinical outcome, 
fi ?eS^X»* ^ — ^ pHor therapy an^d 
viSoTmetastas^ Nonethele«, two patient, achieved a 

MOST MELANOMA tumors express antigens that can be 
recognized by CD8 + T cells. 1 ' 3 Nonetheless, tumors 
frequently escape immune destruction, either from a failure to 
generate an optimal tumor antigen-specific T-cell response or 
from development of resistance to the T-cell response induced. 
One strategy to overcome the former hurdle is through active 
immunization, the opportunity for which has been Militated by 
me molecular definition of melanoma antigens. Specific CDs 
T cells that are properly activated can home to tumor sites and 
kill tumor cells, to the extent to which they can overcome 
negative immunoregulatory pathways and tumor resistance. 

The optimal immunization strategy for inducing tumor 
antigen-specific CDS* effector T cells in humans remains 
undefined. However, antigen-presenting cell-based strategies 
have shown promise. Both monocyte-derived 5 * and bone mar- 
row-derived 7 dendritic cells (DCs) have been loaded with 
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complete response, five patients achieved a minor or mixed 
response/ and four patients hod stable disease. The median 
survival was 1X25 months for all patients and was not yet 
reached for those with a normal lactate dehydrogenase. There 
were no grade 3 or 4 toxicities. Measurement of specific CD8 + 
T-cell responses by direct ex vivo EUSpot revealed a significant 
increase in interferon gammct^rodudng T cells against 
Melan-A (P = .015) after vacdnotion, but not against an 
Epstein-Barr vims control peptide (P = .86). There was a 
correlation between the magnitude of the increase tn Mekrn- 
A-specific cells and cKnkol response {P = .046). 

Conclusion : This immunization approach may be more 
straightforward than dendritic cell strategies and seems 
to have clinical activity that can be correlated to a biologic 

m j SlToncof 2U2Z42-234Z. O 2003 by American 
Society of Clinical Oncology.* 

melanoma tumor antigens and adirunistered in' the advanced- 
disease setting, with evidence for immunization and tumor 
regression in subsets of patients. However, DCs are cumbersome 
to generate and alternative approaches that are more straightfor- 
ward yet equally as effective would be useful. One cofactor 
produced by DCs that contributes to their efficacy is interleu- 
kin-12 (IL-12), which facilitates the induction of interferon 
gamma (IFN-yH>roducing cytolytic effector cells.** 10 Endoge- 
nous IL-12 seems necessary for optimal rejection of immuno- 
genic murine tumors 11 * 12 and provision of exogenous IL-12, 
either alone 13 or combined with tumor antigen-based vac- 
cines, 14 * 19 can induce rejection of pre-established tumors in 
murine models. We previously have shown that coadministration 
of IL-12 with peripheral blood mononuclear cells (PBMCs) 
loaded with tumor antigen peptides induced specific cytolytic 
T-lymphocyte responses and tumor protection in mice, circum- 
venting the need to generate dendritic cells. 20 The ease by which 
PBMC can be isolated from patients has made this an attractive 
approach for clinical translation. We recently conducted a phase 
I clinical study to determine the dose of recombinant human (rh) 
IL-12 necessary to induce T-cell responses in combination with 
antigen-loaded PBMCs, and found that doses from 30 to 100 
ng/kg administered subcutaneously (sc) at the vaccine site were 
optimal and well tolerated 21 The effective range of doses 
indicated that a straight dose of 4 ftg nught be used. 

In this article, we describe results of a phase II clinical study 
of immunization with Melan-A/MART-1 3 peptide-pulsed autol- 
ogous PBMCs + rhIL-12 in HLA-A2-^sitive patients with 
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advanced melanoma. Immune responses were analyzed using a 
direct ex vivo ELISpot assay. We show that this vaccine 
approach had clinical activity and that the magnitude of in- 
creased T-cell response correlated with clinical outcome. 

PATIENTS AND METHODS 

Patient Enrollment and Eligibility 

This »„ open-label, nonrandomized, single-institution study of 
Melan-Apeptide-pulsed autologous PBMC + rhIL-12." The prowcoT was 
^XZL^ of Chicago UWM. J^^ 1 
patients signed written informed consent Patient, who were both HLA-A2- 
Se aTLwed MeUn-A tumor expression by reverse transenpuue 
^Lc chain reaction (RT-PCR) were ^^fjlT^Sv 
ti^chLkx. criteria were Kft expectancy more than i2 ^^rnoft^ 
performance status a=70, and adequate hematopoieuc, renal, and hepatoc 
^T^laved-type hypersensitivity (DTH) ,kin testing was performed 

subsequently with clinical outcome and immunization potential Patteoto 
^excluded if they had severe cMOton^^***^™ 
JL, or nursing, had biologic therapy received wtthin 4 weeks, tested 
positive for hepatitis B surface antigen or human taummodenciency ynus 
Em. bad clinically significant autoimmune disease or any iltoe* requwng 
*£* had a psychiatric flhess *at-«u^re 
"uT^ent compliance and informed consent, had active gastromtesimal 
unconwDed peptic ulcer disease, orhad brain 
H Patient, with treated brain metastases who were duuc^ and 
radiographics!* stable and did not require cort.costero.ds were allowed to 
enter onto the trial 

Patient Characteristics 

Twenty patients with metastatic melanoma were enrolled after giving 
JuTmformed consent. Patient characteristics are outhned m Table 1. All 
JuTutad advanced dUease; the majority bad at k« three «t«of 
metastasis, 60S of which were visceral (k, noncutaneous and "K^oaary 
n^ses). Approximately two thirds of the pabents had reeved pnor 
Z^Tand 10 patients had an elevated lactate dehydrogenase (LDH) level. 
Si» ^ negative prognostic ^ we^ p^tive 

for* least onTrecall antigen (mump*. Candida, or Tnchophytin) by DTH 
skin testing. 

RT-PCR Analysis 

UNA was isolated from fresh tumor cells using guanidine and cesium 
chloride. cDNA was synthesized and PCR was performed for Melan-A 
and beta-actin using the primer pairs and reaction condmons described 
previously." Control reactions without reverse transcriptase were per- 
Son* out a contribution of genomic DNA. PCR ^ were 
vfcualized using a 1 .5% etbidium bromide-stained agarose gel. No formal 
quantitation was performed 

Vaccine Preparation 

-Tteapy consisted initially of three 21-day cycles. Vacch^ were 
giv <*on me first day of each cycle and rhIL-12 was adnumstered subcu*- 
days I. 3. and 5. Approximately 100 to 150 mL o >npberal 
%Z12 paLts was collect pa day 1 of each cycle into hepaniuzed 
otnlTin^using sterile technique. PBMCs were isolated over a 
^o^^J(LW^ Axis-Shield PoC. ™o. Norway), 
c^S^eTand resuspended in Duibecco's phosphatc^burTercd saline 
mS«at 40 X 10* cells/mL. At least 10 X 10* cells from each sample were 
rXnnitLrved to prepare CD8+ and CD8" fractions for subsequent correl- 
SZS*^ 1* Melan-A^, peptide (^GILTVO was 
oLuced accoXg to good rnanufactiirmg practice standards by Multiple 

^L were prepared at 5 nunol/L in dimethyl sulfoxide and stored at 
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Tobte 1. Patient Charodenslks 



Pcrttw* (n - 20) 



Potest Characteristic 



Age, yean 
Median 
Range 

Sex . 
Mole 



58 
35-79 



KornoWcy pertornKince itahrt (ECOG) 

90%-100%(0) 

70XrWt>{\) 

6Cf*r7C% (2) 
No, of metariatk si*«i 

1 
2 

fc3 

Location of metastases 

Vacera. 

Brain (Iraaledt 
Prior therapy 



Cheindherapy or ttnfnwcaHerapy 

As prior iheropy 
CKefflotherapy 

As only prior hSerapy 
Immuisotrierapy 

A* cwr/prx* therapy 
Other* 

A> only prk>r therapy 
Adjuvant IFN-o 

A» only prior therapy 
Elevated LDH 
DTH recall positive 



9 
11 

10 
9 
1 



18 

13 
4 

6 
7 
5 
1 
1 

4 

1 
2 

5 
3 

10 
9 



None 



45 
55 

50 
45 
5 

10 

90 

65 
20 

30 
35 
25 
5 
5 
20 
5 
10 

25 
15 
50 
45 



Abbrevkrtxu: ECOG, Eastern Cooperative Oncology Group; IFN-a, interferon 
a»fa-2b; LDH, lactate <iehyflVogena»e; DTH, dekiyea^ype rtvper*n*amrv. 

•Exr^erimentol rnerapy other than a melanarno vaccine, imxnvnomoAAakxy 
cytokine, or chenxtfherapy. 



-80°C for up to 3 months. Peptide preparations were quality controlled for 
HLA-A2 binding, sterility, and identity by bigh-perfomiance liquid chroma- 
tography and mass spectrometry. An aliquot of peptide was diluted to 20 
umoVL in DPBS and mixed with an equal volume of patient PBMCs (final 
peptide concentration, 10 fimot/L; target number of PBMCs, 10 8 ) followed 
by incubation at 37*C for 1 hour in 10 mL DPBS. The cells were then 
irradiated (20 Gy), washed in DPBS, and resuspended in 1 ml DPBS. The 
suspension of peptide-loaded PBMCs was injected sc using a 1-mL syringe 
and a 2 1 -gauge needle, divided evenly into two sites. Preferred sites were 
those near drainiiig 

number of PBMCs administered per vaxcine ranged from 78 to 100 x 10*. 

rblL-12 was provided by Genetics Institute (Cambridge, MA) as a 
ryophiUzed powder of 10 /ig under vacuum. Each vial was intended for 
single use only and was stored as a powder in our research pharmacy at 2 to 
8°C until reconstituted with sterile water for rajection. Once reconstituted, 
riuX-12 was loaded into 3-mL syringes and used within 4 hours. rhIL-12 (4 
^g) was adiriinistered sc with a 25-gauge needle just after pulsed PBMC 
inoculation and immediately adjacent to one of the two immunization sites 
on days 1, 3, and 5. The same approximate location was used for each 
injection of peptide-pulsed PBMCs and rhIL-12 for each cycle. 

Toxicity Assessment and Criteria for Clinical Response 

Toxicities were determined using the National Cancer Institute common 
toxicity criteria scale version 2.0. A complete response (CR) was assigned if 
there was disappearance of all lesions without the appearance of any new 
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lesions; . partial response (PR) was defined as = 50% reduction m u*al 
tumor volume; a minor response (MR) was defined as less than 50% 
reduction in total tumor volume; progressive disease (PD) was assigned if 
new lesions appeared, any tumor reappeared, or if a 25% increase m tumor 
area was observed; a mixed response was assigned if at least one tttmor 
decreased in size with other or new tumors growing; stable disease (SD) was 
anything that did not fit the aforementioned criteria. When possible, 
cutaneous lesions were photographed. 

CDS* T-Cell Preparation 

CD8+ and CD8~ fractions from PBMC were isolated at the time of 
preparation of each vaccine and cryopreserved until analysis in batch 
fashion CD8* T lymphocytes were isolated by positive selection usmg CDS 
microbeads and magnetic columns (MACS system; Miltenyi Biotech, 
Auburn, CA). Tte unbound CDS" faction was cry opr«ervrf for use 
antigen-presenting cells for in vitro expansion of specific CDS T ceUs. 
Almough toe primary ELISpot analysis was performed directly w.th thawed 
cells, a secondary assay was carried out after in vitro expansion. For m 
vitro expansion. CDS" cells were thawed from each time pomt and pooled, 
pulsed with 50 Mmol/L Melan-A peptide in serum-free Iscove .modified 
bulbecco's medium (IMDM) with betaj-mkroglobulin, irradiated (3,000 
^Ld,andpUttedat2 X 10* ceu*>wellm 24^ell plates. ODT J-0. 
were tawed and cultured with me irradiated CDS" e eusat4 X 10»ceIWwen 
in IMDM medium containing 10% human AB serum. ^JJ**^°f_ 
were collected and plated with a new batch of MelaiwA-i^ madiated CD8 
cells. After an additional 5 days the ceUs were collected and tested. 

ELISpot Assays 

Brieflv Orwell membrane bottomed plates (MA HA S4510; Millipore, 
Bedford, MA) were coated with 15 «/mL of antihuman IFN-y amftody 
oSabieeb. Cincinnati, OH) in PBS. The plates were washed and CDS* T 
cells, either freshly thawed at 5 X I0< ceUs/well or after in vitro expansion 
at J IX 10 1 cells/weU, were plated in triplicate in IMDM medium with 10% 
human AB serum. T2 cells (transporter associated with antigen pocessing- 
deficient cell line, American Type Culture CoUect^ l^were 
oulsed fori hour 8137^ with 50 fimoVL peptide (either derived from HTy 
flLKEPVHOV], Epstein-Barr virus [EBV; OLCTLVAML], or Melao-A 
fAAGIGILTVD, washed, and plated at a 5-to-l ratio to the T cells. A 
replicate of CD8* T cells was stimulated with PMA (phorbol 12-raynstate 
Xcetate) (50 ng/mL) + ionomycin (0.5 «taL) as a positive control. After 
«Tu were removed by washing wim PBS + 0.05% Twe« 
(wash buffer), and biotmyUted annbuman IFN-y antibody was added in PBS 
+ 0.5% teal calf serum. The plates were incubated for 2 to 4 noun at room 
temperature, washed, and strepuvidm-dkaline P^^^^^" 
hourTroom temperature. The plate, were then waAed, BOP-NBT 
f5-bromo-4^hloro-3-iiKioryl pbosphateMitro-blue tetrazohum) was added, 
and the plates were finally washed with water and allowed to air dry. Plates 
were scanned with an ELISpot reader (CTL Technologies, Cleveland, OH) 
and the number of spots per weU was enumerated after the background was 
Kt on the basis of wells that bad been incubated with medium atone; spot 
separation was adjusted using Immunospot software (CTL Technologies). 
Foreacb sample, the number of T cells producing IFN-y in response to EBV 
or Melao-A peptides was determined by subtracting the number of spots seen 
in response to HIV peptide. The mean and SD were determined for each 
triplicate sample. After immunization, the time point at which peak frequen- 
cies among the fir* three cycles were observed was used for data analysis. 

Statistical Analysis 

Comparisons between pre- and post-ELISpot frequencies were performed 
nsiM aVired t test, and comparisons of augmented ELISpot frequences 
between responders and nonresponders were made using an unpaired 
two-sided / test Correlations between various dichotomous variables and 
elmical outcome were made using Fisher's exact test (two-sided). Survival 
data were determined using me Kaplan-Meier method, with differences 
among subgroups assessed by the log-rank test. All analyses were performed 
using SPSS software (version 8.0; SPSS Inc. Chicago, IL). 
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TabU 2. Adverse Events 



AcWw Event 


vraot l 


Grade 2 


Grade 3 


Fatigue 


16 


0 


0 


Anorexia 


6 


0 


f\ 

V 


rwr 


7 


0 


0 


Rash 


3 


0 


0 


Heododw 


3 


0 


0 


Nausea 


2 


0 


0 


Injection site reaction 


5 


0 


0 


Neutropenic 


\ 


2 


0 


Trtrornbocytopenia 


2 


0 


0 


Hepatic 


5 


2 


0 


Creatinine 


1 


0 


0 



Institute common toxicity criteria scale version Z0. 



RESULTS 

Immunization Treatment and Toxicities 

Each 3-week cycle consisted of immunization on day 1 and sc 
rhIL-12 administration on days 1, 3, and 5, as described in 
Methods. Three cycles constituted one course of therapy and 
patients were evaluated for response after each course. Patients 
were observed as inpatients in our General Clinical Research 
Center for the first 24 hours of each cycle. 

Adverse reactions are listed in Table 2. All but one patient 
completed at least three cycles of therapy. There were no grade 
3 to 4 toxicities; two patients had grade 2 neutropenia, and two 
patients bad grade 2 ALT or AST elevations, which were reversible 
The most common adverse reactions were fatigue and fever. 

Clinical Outcome 

Clinical response outcomes are listed in Table 3. Two patients 
had a CR, for an overall response rate of 10%. In addition, four 
patients (20%) had a mixed response, erne patient (5%) had an MR, 
four patients (20%) had SD, and the renaming nine patients (45%) 
had PD. The sites of tumor response were diverse. The two patients 
who experienced a CR both had numerous metastases of 2 cm or 
less and a normal LDH, One patient was female, had multiple 
cutaneous lesions, and no prior therapy; the other patient was male, 
had multiple lung lesions, and had experienced prior treatment 
failure from diemoimmunomerapy. Neither patient experienced a 
recurrence with a mean fbllow-up time of 28 months at the time of 
data analysis. Of the five other patients who showed a decrease in 
size of at least one tumor mass, three had responses in skin, one had 
a response in bone, and one had a response in an adrenal lesion. 
Three of me four patients with SD had visceral metastases. 

Table 3. C&nkd Outcome 
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PeptideSpecific T-Cett Responses by EUSpot 

A carefully controlled IFN-y EUSpot assay was used to 
monitor the immune response to imrnunizatioTL Ciyopreserved 
CD8* T cells were thawed in batch fashion and stimulated in 
triplicate directly ex vivo with T2 cells loaded with peptides 
derived from either HIV, EBV, or Melan-A. The HIV values 
were subtracted from those obtained with either Melan-A or 
EBV as an internal control at each time point Seventeen of the 
enrolled patients had adequate cryopreserved material with 
which to perform hnrntmologic assessments. 

As shown in Fig 1, some patients displayed a high frequency 
of MeIan-A-*pecific CD 8+ T cells before vaccination, with as 
high as 1% of CD8 + cells responding to mis peptide. These T 
cells were functional because they produced IFN-7. The majority 
of patients showed an increase in the frequency of Melan-A- 
specific cells after nnmunization (P - .015). In contrast, the 
frequencies of specific CD8 + T cells responding to the EBV 
peptide did not vary significantly overall (P = .86). Although the 
changes in T<ell frequency were modest, these results demon- 
strate an antigen-specific response after immunization with 
Melan-A pepttde-pulsed PBMC + rhIL-12. 

The changes in Melan-A-*pecific ELlSpot frequencies were 
compared among patients who had a mixed response or better 
and those who had no clinical response. As shown in Fig 2, the 
mean increase in Melan-A-specific T cells for the cluneal 
respondent was 112 ± 45 and for nonresponders was 26 ± 16, 
indicating that a greater absolute increase in Melan-A-specific T 
cells was associated with tumor regression (P = .046). 

Survival and Associations Between Immunologic Parameters 
and Clinical Outcome 

The overall median survival was 12.25 months and is shown 
in Fig 3A. Seven patients remained alive at the time of data 
analysis, with all patients followed beyond 12 months. Because 
the presence of elevated levels of serum LDH is a known 
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negative prognostic factor, 23 survival was also compared in 
response to this vaccine on the basis of LDH level (Fig 3B). The 
median survival for patients with an elevated LDH level was 
9.25 months, whereas the median had not yet been reached for 
those with a normal LDH (P = .005). In addition, the median 
survival for patients who experienced a significant increase in 
Melan-A-specific T cells was not yet reached, compared with 
8.5 months for patients without a significant increase in Melan- 
A-specific cells (Fig 3C; P « .120). 

Additional immunologic parameters mat had been measured 
were also analyzed for associations with either clinical response 
or survival and are surnmarized in Table 4. Neither a positive 
recall DTH to standard antigens nor a relatively high number of 
EBV- or Melan-A-specific CD8 + T cells before irnmimization 
correlated with either outcome. The median pretreatment Melan- 
A-specific f cell frequency was 23 in clinical nonresponders and 
-26 in responders. To increase the sensitivity of the assay to 
detect Melan-A-specific T cells, an in vitro expansion was 
performed on the pre immunization samples and analyzed by 
ELlSpot as described in Methods. Ten patients showed high 
Melan-A-specific T cell frequencies after in vitro expansion. 
However, this also failed to correlate with clinical outcome. 
Finally, although a normal LDH level was associated with 
survival, it did not correlate with clinical response and also did 
not correlate with immune response. Collectively, these results 
reinforce the specificity of the result showing a significant 
association between an increased number of Melan-A-specific T 
cells and clinical outcome. 

Expression of Melan-A in Resected Tumors 
After Immunization 

It was conceivable mat some patients developed PD despite 
irnmunization because of outgrowth of Melan-A-neganVe tumor 
cells Posttreatment tumor samples were obtained from progressing 
tumors from three patients and analyzed by RT-PCR Although the 
new metastasis that developed in patient 1 was negative for 
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Melan-A expression, those samples from patients 4 and 6 retained 
detectable expression of Melan-A mRNA (Fig 1). These results 
indicate mat, although outgrowth of antigen-negative tumors can 
occur, other mechanisms of resistance to immune destruction likely 
explain the lack of clinical response in other patients. 

DISCUSSION 

In this study we used Melan-A peptide-pulsed autologous 
PBMC + rhIL-12 as a vaccine to treat HLA-A2-positive 
patients with advanced melanoma. We observed a significant 
Lease in Melan-A^pecific IM^mdnqg CDS* T cells 
after immunization, and found a statistical association between 
clinical response and the magnitude of the specific T-ceU 
increase Although it is difficult to compare across individual, 
small phase II studies, these results are similar to those that have 
been reported using antigen-loaded dendritic cells, but with a 
strategy that may be more straightforward to execute. 

Preparation of the peptide-loaded PBMCs typically took 5 
hours from phlebotomy to injection, and quality control of the 
cell product was facilitated by the lack of an extended in vitro 
culture period and absence of exposure to culture medium or 
scrum proteins that is required for dendritic cell preparations. 
Conversely, dendritic cell vaccines have been prepared in 
batches and cryopreserved in individual doses in some studies, 
which obviates the need to prepare a fresh vaccine at each time 
point Cryopreservation of vaccines has not yet been examined 
with our current approach. A comparative trial between PBMC/ 
rhIL-12 and dendritic cell-based vaccination may, therefore, be 
of interest as the technologies continue to develop. Our results 



support the notion developed in preclinical models that JL-12 
can contribute to effective antitumor immunity, and are consis- 
tent with the results of a recent adjuvant vaccine study using 
rhIL-12 in melanoma/ 4 

We used a direct ex vivo ELlSpot assay to assess antigen- 
specific T-cell responses in this study. Control experiments 
testing EBV reactivity from normal donors revealed that ELlS- 
pot analysis could be performed accurately on cryopreserved 
CD8 + T cell samples immediately after thawing (rL Harlin and 
T. Gajewski, unpublished data). We found that background 
reactivity against the control HIV peptide varied among patients 
and to some extent among time points for an individual patient 
The magnitude of increase in apparent Melan- A-rcactive T cells 
would have been greater in some patients had the values 
obtained with the HTV control peptide not been subtracted. We 
believe that this experimental detail is critical because it normal- 
izes the samples for background differences and provides an 
internal control for minor variation between individual vials of 
cryopreserved T cells. We also compared the Melan-A frequen- 
cies to those against an EBV control peptide, to determine 
whether the treatment was altering ELISpot results. We per- 
formed our analyses on purified CD8 + T cells to control for 
variable numbers between patients and across time points. It is 
possible that we excluded subpopulations of CD8~ T cells, 
CD4 + T cells, and natural killer T cells that could have produced 
IFN-y in response to Melan-A. Nonetheless, our results revealed 
a measurable and significant increase in Melan-A-specific T 
cells posttreatrnent. Our currently employed ELISpot assay is 
distinct from the assay used in our phase I trial of peptide-pulsed 
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PBMC + rhIL-12 and in other trials 21 - 25 in which in vitro 
expansion had been performed before assessment of IFN-y 
production. Analysis of T-cell responses with rninimal in vitro 
manipulation should most accurately reflect the status of those 

cells in vivo. , 

High frequencies of Melan-A-specific, IFN-y^roducing 
CD8 + T cells were observed in some patients at study entry 
when they clearly had progressively growing melanoma. This 
observation indicates that the absolute frequency of functional T 
cells against a tumor antigen does not correlate with the behavior 
of the tumor. We also found no statistical association between 
this high frequency and clinical outcome; in fact, the two patients 
who experienced a CR had undetectable Melan-A-specific T 
ceils before therapy. Although high frequencies of T cells 
reacting with a Meian-A tetramcr have been detected in some 
normal donors, 26 those cells bad a naive surface phenotype and 
did not produce high levels of IFN-y. What did correlate with 
clinical response in our current study is a meaningrul increase in 
Melan-A-specific T cells posttreatment These increases were 
modest (a net gain of 112 spots per 10 3 CD8* T cells on 
average), indicating either that a subtle alteration in the steady- 
state between the immune response and a growing tumor in favor 
of increased T-cell frequencies is sufficient to translate into 
tumor regression, or that another immune function that we are 
not measuring is contributing to the final event of tumor 
shrinkage. Tumor regressions without detectable increases in 
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T-cell frequencies using standard assays have been observed in 
other studies. 27 

The median overall survival in our study was 12.25 months 
from treatment initiation, which is greater than the expected 6 to 
9 months for this patient population. Although it was a relatively 
small study and subject to selection bias, most patients were 
pretreated and had visceral disease, one half of the patients had 
elevated serum LDH levels, and four patients had treated brain 
metastases. As has been seen in melanoma patients treated with 
standard therapies, we found that an elevated serum LDH level 
was a negative prognostic factor for survival. Whether, this is 
reflective of tumor burden or the metabolic state of the tumor 
cells that have adapted to an anaerobic environment is unclear. 

Some patients developed increases in Melan-A-specific T 
cells and developed progressive tumor growth despite retained 
expression of the antigen on posttreatment biopsies. This obser- 
vation is similar to that seen in murine studies 28 and indicates 
mechanisms of tumor resistance downstream from initial T-cell 
priming, presumably within the tumor microenvitonment Poten- 
tial explanations include poor T-cell trafficking to tumor sites, 
presence of negative regulatory cefls, T-cell anergy or death, 
expression of inhibitory molecules by tumor cells, or downregu- 
lation of class I major histocompatibility complex or antigen- 
processing molecules. 29,30 Future studies should investigate 
definable mechanisms of turner escape that allow tumor cells to 
resist elimination by antigen-specific T cells in vivo. 
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Vaccination with Mage-3A1 Peptide-pulsed Mature, 
Monocyte-derived Dendritic Cells Expands Specific 
Cytotoxic T Cells and Induces Regression of Some 

Metastases in Advanced Stage IV Melanoma 
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Summary • 
Dendritic cells (DCs) are considered to be promising adjuvants for inducing Immunity to am- 
c« VvfuSmature. monocyte-derived DCs to elicit resistance to malignant melanoma^ The 
DCs ZZpuZ wltn Ma 8 W3Al tumor peptide and a recall antigen, tetanus to*o W c^be - 
culm llfar advanced stage IV melanoma patients, who were progressive despite standard che- 
culin. 1 1 tar aa _™ 5 "* r ^Hn.ttans at 14-d Intervals. The first three vaccinations were 
motherap^received Ave DC "f^ncTeaL sut^^T^ly and intradermally. followed by 
admired MtaM. J g X IC^Sd if JlSSc* respectively. Only minor (less than 
t "° Trr de 1Kde effel were oteived. Immunity to^e recall antigen was boosted. 
£X? - CD8 + cytotoxic T 

~ i„a^+aZ 8/1 1 oatients Curiously, these immune responses often declined after the in 

^5^7? 1 p«l2rR«ola«on of *U » ~o of U« P«l«. ^ ««► 

as well as escape by lack of tumor antigen expression. 

Key words: dendritic cells • vaccination • active immunotherapy • melanoma • 
cytotoxic T lymphocytes 



It is now established that the Immune system has cells, 
particularly CD8 + CTU that can recognize tumor antl- 
JTand kill tumors (1. 2). Nevertheless, a major problem 
u that these T cells are either not induced or only weakly 
induced I.e., the T cells are not evident in the systemic cir- 
culation. One possibility is that there is Inadequate tumor 

juvanf for eliciting T cell immunity (3). Another is that 

\ Auctions used in this paper: CNS, central nervous system; DCs. den- 
medium; RT, reverse transcriptase; TT. tetanus toxoid 



tumor-reactive T cells are tolerized by the tumors (1, 4). 
Melanoma provides a compelling setting in which to pur- 
sue a current goal of cancer Immunotherapy, the generation 
of stronger tumor-specific T cell immunity, particularly 
with CTLs (4). The majority of tumor antigens identified 
so far are expressed by melanomas (2). Limited antimelanoma 
CTL responses have been detected (5), and infusions of IL-2 
expanded killer cells can lead to rejection of melanoma (6) . 

Conventional adjuvants promote antibody rather than 
CTL responses. Therefore, several novel strategies are be- 
ing explored to induce tumor-specific T cell immunity. 
DC vaccination is one of these (3). Immature DCs capture 
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antigens but lack full T cell-stimulatory activity (7). In the 
oresence of appropriate stimuli, such as inflammatory cyto- 
kines the DCs mature. DCs upregulate T cell adhesion and 
costimulatory molecules as well as select chemoklne recep- 
tors that guide DC migration, into lymphoid organs for 
priming of antigen-specific T cells. The use of DCs as adju- 
vants is supported by many animal experiments with pri- 
marily mature DCs (3. 8). These studte have shown that 
the injection of tumor antigen-loaded DCs reliably Induces 
tumor-specific CTL responses, tumor resistance and in 
some easel regression of metastases (3. 8). Inthe few pilot 
trials reported so far for humans, immature DCs have been 
employed (9-11). Scattered tumor responses are reported 
but evidence for the Induction of tumor-specific CTLs by 
DC vaccination has not been shown. 

We have developed a technique to generate large num- 
bers of homogenous populations of mature and stable DCs 
from monocytes in the absence of nonhuman proteins (U, 
13} We are now exploring the use of these DCs as vaccine 
adjuvants in humans. Here we provide the proof of ^theprin- 
ciple by demonstrating that three mtracutaneous injections 
of Mage-3A1 peptlde-pulsed mature DCs reliably enhance 
^AlspeSW and recall CD4 + T cell inanity 
,„ heavily pretreated. progressive stage 
with large tumor toads. Expansions of Mage-3A1 -specific 
CTL responses have not been previously detected after 
Ma8e-3A1 peptide vaccination in less advanced melanoma 
Daunts (14). underscoring the potent adjuvant properties 
of DCs. As regressions of metastases also occurred upon 
DC-mediated immunization and were accompanied by 
CD8 + T cell infiltration, we propose that the induced 
Mage-3Al-speclfic CTLs are active in vivo. 



Materials and Methods 

Patient Eligibility Criteria 

Patients were eligible If they suffered from stage rVjLe. distant 
cutaneous malignant melanoma (im American joint 
on Cancer/Union Internationale Centre Cancer 

^^(tan™ ^. Fur** inclusio^- 
^Swere an expected survival 24 mo. Karnofsky mbex260% 
^r^Tyr. rSunTte disease. HLA-A1 ^J^-v^Z 
Sgta g£e shown by reverse transcriptase (RT)-PCR in at least 
onTexched metastasis, and no systemic chemo-. radio-, or im- 
munotherapy within 4 wk (6 wk in the case of nitrosurea drugs 
ZLdlngTe am DC vaccination. A positive skin test to recall 
antigens was not required. Important exclusion criteria wereac- 
UvSra. nervouTUm (CNS) metastasis, any significant psychi- 
atric abnormality, severer/ impaired organ function (hematntogfcal. 
S^etacL autoimmune disease (except vitUlgc^prevtou, 
splenectomy or radiation therapy to the spieen. organ •»>°8™£«£; 
Lee for another active malignant neoplasm, pregnancy, fcctfton. 
oToaUclpatlon (or intent to participate) in any other clirtoJtrial. 

treatment (chemo- or Immunotherapy. corUcoster- 
olds investigational drugs. Paramedical substances) was prohibited. 
PaOiative radiation or surgical therapy of selected metastases and cer- 
tain medications (acetaminophen/paracetamol. nonsteroUalanU- 
inflammatoiy drugs, opiates) to control symptoms were allowed. 



Clinical Protocol and Study Design 

The study was performed at the Departments of Dermatology 
in Eriangen. Wurzburg. and Mainz, Germany according to stan- 
dards of Good Clinical Practice for Trials on Medicinal Products 
in the European Community. The protocol was approved by the 
Protocol Review Committee of the Ludwig Institute for Cancer 
Research (New York. NY) and performed under supervtdonof 
Its Office of Clinical Trials Management as study LUD #97-001. 
The protocol was also approved by the ethics committees of the 
Involved study centers. 

The study design is shown in Table II. All patients gave writ- 
ten Informed consent before undergoing a screening evaluation 
to determine their eligibility. Extensive clinical and laboratory as- 
sessments were conducted at visits 1. 5. and 8 (Table ID and con- 
sisted of a complete physical examination, staging procedures, 
and standard laboratory values as well as special ones (pregnancy 
test, free testosterone In mates, autoantibody profile, and antibodies 
to HIV-1/2. human T cell lymphotropic virus type I. hepatitis B 
virus and hepatitis C virus) . Patients were hospitalized and exam- 
ined the day before each vaccination and were monitored for 
48 h after the DC injections. Adverse events and changes fr» labora- 
tory values were graded on a scale derived from the Common 
Toxicity Criteria of the National Cancer Institute. National Insti- 
tutes of Health. Bethesda. MD. 

Production of the DC Vaccine 

During prestudy screening, we tested a small amount of fresh 
blood to verify that appropriate numbers of mature DCs could be 
generated from the patient's monocytes (12). Sufficient DC num- 
bers could be successfully generated In all patients, but In some pa- 
tients the test generation revealed thatTNF-a had to be added to 
assure full maturation. To avoid repetitive blood drawing, we per- 
formed a single leukapheresh during visit 2 to generate DCs a, de- 
scribed (13). In short. PBMCs from the leukapheresis (2tl0'° nu- 
cleated cells) were Isolated on Lymphoprep™ (Nycc^rWa) 
and divided Into three fractions. The first fraction of VP PBMCs 
was cultured on bacteriological Petri dishes (Cat #1005: Fakon 
Labware) coated with human Ig (100 Wj/ml; Sandoj^bln™; San- 
doz GmbH) in complete RPMI 1640 medium (BloWhimker) 
supplemented with 20 ug/ml gentamleln (Refobadn 10*. Merck). 
Z„M glutamlne (BtoWhlttaker). and 1% teat-inactivated human 
plasma for 24 h to generate rncinc>cyte-oondlttone<i medium 
fMCM) for later use as the DC maturation stimulus. The second 
fraction of 3 X 10 s PBMCs was used for the gen«^> n of D ? s . for 
vaccination 1 and debyed-type hypersenrftWlry (DJH) test 1 Ad- 
herent monocytes were cultured In 1.000 U/ml GM-CSF (10 X 
10 7 U/mg; Leukomax™; Novartis) and 800 U/ml H-4 (purity 
>98%: 4.1 X 10 7 U/mg In a bloassay using proliferation of human 
1-4R+ CTLL: CeHGenlx; expressed In fscherithla eotl and pro- 
duced under good laboratory practice conditions but verified for 
good manufacturing practice [GMP] safety and purity crite^ by 
us)for6d and then MCM was added to mature the DCs. MCM 
was supplemented In patients 04. 06. 09. 11. and 12 with 10 ng/ml 
GMP-rhu TNF-a (purity >99%: 5 X 10' U/mg in a bloassay us- 
ing murine L-M cells; a gift of Dr. GR Adolf. Boer^inger Ingel- 
helm Austria. Vienna. Austria) to assure foil niaturation of 
Mature DCs were harvested on day 7. The third traction of PBMCs 
was frozen In allquots and stored in the gas phase of liquid nitrogen 
togerjerateD&forbtervattdr^iowandDTHt^ 

DCs for vaccinations were pulsed with the Mage-3A1 peptide 
(15) (EVDP1GHLY. synthesized at GMP quality by Clinalfa) as 
tumor antigen, and as a recall antigen and positive contr^tetanus 
toxoid (TD or tuberculin (if at visit 1 the DTH to TT In the 
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Multitest Merieux was >10 nun; both purchased from the Bacte- 
rial Vaccines Department of the Statens Serum Institute. Copen- 
hagen. Denmark), the recall antigen was added at 10 M-g/rrd for 
the last 24 h. and the Mage-3A1 peptide was added at 10 uM di- 
rectly to the cultures for the last 8 h (if Immunity to recall anti- 
gens was strongly boosted, the dose of recall antigen was reduced 
to 1 0 or 0.1 M-g/ml or was omitted for the Intovenous DC in- 
fections to avoid a cytokine release syndrome). On day 7. nurture 
DCs were harvested, resuspended In complete medium, washed. 
^p^donL more with Mage-3A1 peptide (now at 3C luM) 
for SO nun at 37°C. DCs were finally washed and resuspended in 
PBS (GMP quaUty PBS; BloWhlttaker) for injection. DCs to be 
used for Mage-3A1 DTH tests were pulsed with Mage-3A1 (but 
no recall antigen): DCs that served as negative control in the 
DTH^ weVnot pulsed at all. An aliquot of the DCs to be 
used for vaccination, was analyzed as described (13 to assure that 
Anally active and mature DCs were generated. The features 
offte DCs are described to Results. Release criteria were typical 
m „ m hoir«v f>95% nonadherent veiled cells) and phenorype 
(?^rS-DR + * CDM-^D40*CD25*CD14-and >65% 
homogenously CD83**). 

Immunization Schedule 

A total of five vaccinations (three Into the skin followed by 
two intravenously) with antigen-pulsed DCs were given at 14-d 
intervals (Table II). This design was chosen to explore the toxic- 
£ aTefflcacy of various routes in this trial. For 
, v ins D Cs were given subcutaneously at two sites (1.5 X lir 
DOmSOOp-lPBSpersheJandS X 10« imradermally at 10 sites 
QX 10 s DCs in 100 pJ PBS per site). The injection sites were 
L ventromedial regions of the upper the th^ dose 

to the regional lymph nodes and were rotated clockwise. Limbs 
whS Sng lymph nodes had been removed and/or Irradiated 
were excluded. For Intravenous vaccinations 4 and 5. a total of 6 
£TtfX Ufi antigen-pulsed DCs (resuspended In 25 or 50 rrJ 
PBS plus 1% autologous plasma) was administered over 5 andlO 
min. respectively. Premedication with an antipyretic (500 mg acet- 
^^Wp^cetamol p.o.) and an arrtlWstanune (2 68 mg cte- 
n^^rogeXnarat i.v.) was given 30 mln before Intravenous 
DC vaccination. 

Evaluation of Immune Status 

Recall Antigen-specific Proliferation and Cytokine P^"*™- 
PBMCs were cultured in triplicate at two dose ieveb (3 X W 
and 1 X 10*PBMCs/well) plus or minus TT or mb^in (at 
01 1 and 10 uVml) and pulsed on day 5 with [^thymidine 
for'l2 h. In all cases, the highest cpms were obtained with the 
highest doses of PBMCs and antigen and are shown in Ffc Z . 
nLj ^ levels were measured in culture media by tUb/K 

(Endogen. Inc.). In a separate plate, s^hylocc«cal enterotoxin 
S Serva) was added at 0.5. 1. and 5 ng/ml. and proltferation 
was assessed after 3 d to provide a positive control for helper T 
cell viability and responsiveness. 

EnzynrUnked Immunol Assay for IFN-y Rele&lromSmgle 
Antisen-spedScT Cells. To quantttate antigen-specific, IFN--y- 
re3i^-3Al-^eclnc effector T ^*^ p ^ 
irnmunospot (EUSPOTI assay was used 

(10 s and 5 X lOVweil) or in some cases CDS" or CD4 T cefc 
Isolated by MACS™ according to the manufacturer, MUtenyl 
Biotec) were added in triplicate to nlt^Uulc^e-bottomed 96-wefl 
plates (MAHA S4510; MUlipore Corp.) precoaujd with the pri- 
rntry anti-IFN-7 mAb (1-DlK; Mabtech) in 50 uJ EUSPOT 
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medium (RPMI 1640 and 5% heat- inactivated human serum) per 
well For the detection of Mage-3A1 -reactive T cells, the APCs 
were irradiated T2.A1 cells (provided by P. van der Bruggen, 
Ludwig Institute of Cancer Research, Brussels, Belgium) pulsed 
with MHC class I-restricted peptides 

HIV-1 pl7-dertved negative control peptide ObhhLKbLYJ added 
at 7.5 X lOVweil (final volume 100 pi/well). After Incubation 
for 20 h wells were washed six times, incubated with biotiny- t 
lated second mAb to IFN-? (7-B6-1; Mabtech) for 2 h, washed, 
and stained with Vectastain Elite kit (Vector Labs.). For detec- 
tion of TT-reactrve T cells. TT was added at 10 jtg/ml directly to 
the PBMCs (1 or 5 X 10 s PBMCs/flat-bottomed 96-weil plate). 
Assays were performed on fresh PBMCs. Spots were evaluated 
and counted using a special computer-assisted video iiTiaging analy- 
sis system (Carl Zeiss Vision) as described (16). 

Semiquantitative Assessment of CTL Precursors, The multiple 
microculture method developed by Romero et al. (17) was used 
to obtain a semiquantitative assessment of CTLp (precursors) spe- 
cific for Mage-3A1 peptide. Allquots of frozen PMBCs were 
thawed and assayed together. CD8+ T cells were Isolated with 
magnetic rrtoobeads (MACS™ separation columns; Miltenyi Bio- 
tec) and seeded at lOVweil in 96-well round-bottomed plates in 
RPMI 1640 with 10% heat-ixiactivated human serum. The CD8" 
PBMCs were pulsed with peptide Mage-3A1 or the influenza 
PB1 control peptide VSDGGPNLY (10 M*/ml. 30 min at room 
temperature), irradiated (30 Gy from a cesium source). anda<Jded 
as anAPC population at lOVweil together with IL-2 (10 IU/ml 
final) and IL-7 (10 ng/ml final) in a total volume of 200 pi/well. 
On day 7 100 uJ fresh medium was substituted, and peptide 
Mage-3A1 or PB1 (1 |tg/ml final) and IL-2 (10 U/ml) was 
added. On day 12. each microwell was divided Into three equal 
samples to test cytolytic activity in a standard 4-h ^-release 
assay on peptide-pubed (10 u*/ml for 1 h at 37*Q T2A1 cells 
ncmpulsed T2A1 cells, and K562 target cells, respectively. All of 
the assays were performed with an 80-fold excess of nonlabeled 
K562 to block NK activity. Micro wells were scored positive if 
rysls of T2A1 targets with peptide minus lysis without peptide 
was 2:12% and this specific lysis was greater than or equal to 
twice the lysis of T2A1 targets without peptide plus ^ de- 
scribed (18). We aimed at testing 30 rriicrowells of 10 4 CD8 T 
cells Therefore. 1/30 positive wells equals at least one CTLp in 
3 X 10 5 (i.e.. 30 wells at 10* CTLp per well) CD8+ T cells (cor- 
responding to ~3 X 10 6 PBMCs). 

DTH DTH to Mage-3 A 1 peptide was assessed by intra- 
dermal injection at two sites of each 3 X 10* Mage-3A1 peptide- 
loaded DC In 0.1 ml PBS. Negative controls were nonpulsed 
autologous DCs in 0.1 ml PBS and 0.1 ml PBS. DTH toseven 
common recall antigens (Multitest Merieux) including TT and 
tuberculin was performed on visits 1, 5. and 8 (Table ID. 

Assessment and Analysis of Tumor Tissue 

For recruitment into the study, Mage-3 gene expression In at 
least one metastatic deposit had to be demonstrated by RT-PCK 
as described (14). Accessible superficial skin metastases were re- 
moved whenever possible after the vaccinations and subjected to 
Mage-3 RT-PCR as well as routine histology and lmmunohls- 
toiogy (to characterize cellular infiltrates). 

Statistical Analysis 

For analysis of the Immune response, pre- and posttmmuniza- 
tion values were compared by paired t test after logarithmic trans- 
formation of the data. SigrdAcance was set at P < 0.05. 



Results 

Patient Characteristics 

All 13 patients were HLA-A1+, had proven Mage-3 
mRNA expression In at least one excised metastasis, and 
suffered from advanced stage IV melanoma. I.e.. distant 
metastases that were progressive despite chemotherapy and. 
in some cases, chemoimmunotherapy (Table I). We offered 
DCs to all patients who fulfilled the inclusion and exclusion 
criteria I.e. we did not select for subsets of patients. Two 
patients (numbers 01 and 03) succumbed to melanoma af- 
ter two and three vaccinations, respectively. 11 patients re- 
ceived all five planned DC vaccinations In 14-d intervals 
(Table II) and were thus fully evaluable. 

Quality of the Vaccine 

All vaccine preparations were highly enriched in mature 
DCs More than 95% of the cells were large and veiled In 



appearance, expressed a characteristic phenotype by flow 
cytometry (HLA-DR +++ CD86 +++ CD40 + CD25 + CD14l, 
and acted as strong stimulators of an MLR at DC/T cell ra- 
tios of ^1:300 (13). Most (mean 80%) expressed the CD83 
' mature DC marker (19). These features were stable upon 
removal of cytokines and culture for one to two more days 
(13). The DCs were pulsed with Mage-3A1 peptide as a tu- 
mor antigen and TT or tuberculin as a recall antigen. The 
latter were internal controls for Immunization and possibly 
provided help for CTL responses (20). 

Toxicity 

No major (above grade II) toxicity or severe side effects 
were observed in any patient, including the two patients 
who were not fully evaluable. We noticed, however, local 
reactions (erythema, induration, pruritus) at the Intracuta- 



Table I. Parientt ' Characteristics. Status before DC Vaccination, and Response to DC Vaccination 
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Matastasaa «t study ■mry 4 



skin 



LN 



Skin 



LN 



Uvsr 



Othar 



14 daya attar tha 
6* vaccination 



Patient* wfrth oblectrva tumor n\ 



04 



06 



07 



08 



09 



12 



M48 



F61 



F48 



M67 



F42 



M54 



1/98 



10/97 



a/87 



11/97 



6/98 



9/96 



PCI 



ct 



PC 



a 




-i^m^ ^^^m 



mm 



pi *i Tr^ 



complete regreaafton of 
ad but 1 lung mstastaala, 

ovoratl progression 



oompleta regrassion* of 
1 lung + 4 »x* matastaaes, 

overall prograaalon 



complete reg/easTon* of 
1 lung*+ 2a^*rnetaetaaee, 
ovaraB prograaalon 



complete ragraaaton* of 
king + Over +4 a*. 4 
metastases* 

overaH progression" 



Partial, regression of 
1 king motestaaia, 

overall progression 



partial ragraaaton of 
axillary LN metastases, 

overall proqraaaion 




Patient* without oblecova tumor r *<g e ** on l 



sMnaHHnUH 



continuous prograaalon 



mm 




continuous prograaalon 



continuous progression 



continuous progression 



continoua progression 



10*>9 



6*>16 



13*12t 



8*3t 



4*>11 



2B*>9 



16 + St 



5*>17 



1*©fr 



4*9f 



12*5r 



^ patients (04,08. and 12) were treated In Wuerxburg. two in Mainz (patients 10 and 13), and the others in Eriangen, 

uuer: po"~ * i ' , i M Jt n »u. M nl»« or» not listed. 



entrv ^Patient deceased. 

•CNS metastases were regressing at study entry after gamma knife treatment. 
*Devek>ped (in part) after study entry. 
"Determined by autopsy. 

-<TXL rionth from bleeding into CNS metastasis on visit 8. 

^ rg^Tlu^Ltases in patients 06 and 07 were documented at a staging 3 mo after visit 8. 
media*., mediastinum; pancr.. pancreas. 
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Table II. Study Design 
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X. pfopedfled In the protocol as obligatory: x. optional. 



neous vaccination sites that Increased with the number of 
vaccinations. In 9/1 1 patients, strong DTH reactions (in- 
duration >10 mm in diameter) were noted to DCs carry- 
ing a recall antigen (Fig. 1). Elevation of body temperature 
(grade I and II fever) was observed in most (9/1 1) patients 
and was also related to pulsing DCs with recall antigen. 
The most striking example was patient 02, who progres- 
sively developed fever (up to 40°C) upon successive vacci- 
nations but did not show a rise in body temperature when 
TT was omitted for the final (fifth) vaccination. We observed 
slight lymph node enlargement, clinically In 63% and by 
sonography in 83% of patients, after the Intracutaneous DC 
injections. Interestingly, these were delayed, being lnappar- 
ent during the 2 d of monitoring after vaccinations but de- 
tected when patients were investigated again the day before 
the next vaccination fTable II). 




Immunological Respond 

Boosting of Recall Antigen-spedlic Immunity. PBMCs that 
had been frozen before vaccination and 14 d after vaccina- 
tion 5 were thawed and assayed together, as specified in the 
protocol fTable II). In most patients, a significant boost of 
antigen-specific immunity developed to TT (and tubercu- 
lin in patient 10) (P< 0.004; Fig. 2). Supernatant j from the 
proliferative assays contained large amounts of IFN-7 (mean 
1 679 pg/ml. range 846-4.325) but little U-4 OFN-y/IL-4. 
317-1) In five patients, we studied the kinetics of the Immune 
response to TT by IFN-7 ELISPOT analysis. We found ,m 
increase after the intracutaneous vaccinations (r < U.Ud) 
but a peculiar decrease after the intravenous vaccinations < 
0 008' Fig. 3). Thus, comparing recall immunity before and 
after all five vaccinations (Fig. 2) as prespecified In the protocol 
(Table ID obviously underestimated the extent of boosting. 




Figure 1. Local reactions to DO carrying Mage-3A1 peptide and TT 
■t the Intradermal and aubcutaneom vaccination sues in patient 09 (24 h 
after vaccination 2: top panel) and 02 (48 h after vaccination 3: bottom 
panel). Erythema at the 10 Intradermal (left) and 2 $ubcutaneoui fright} 
vaccination sites was followed by Induration >10 mm In diameter (with 
secondary purpura In patient 02). These local reactions represent strong 
DTH reactions to DCs carrying TT, as such strong reactions did not oc- 
cur In response to impulsed DCs or DCs pulsed with M»ge-3A1 peptide 
alone In DTH test* I-IH (Table 0; reactions not shown). 
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Fieure 2. Recall antlgen-^pecifk: lnununtty (tuberculin in patient 10; 
TTinall others) as assayed by antigen-specinc proliferation. The cpm y^X- 
u«deternuned after then^ 

erf nretheraov com values. Absolute cpm (cpm with recall antigen minus 

Hem 04 16.759 In patient 05. 7,913 in patient 06. 16.367 £ |*tert 07. 
WW* PBti-t £ 22.790 in patient 10, 1507^^^.-^83 
in patient 13 (SEM for all measurement* was <20S». Patients 08 and 11 
could not be evaluated due to shortage of cells after therapy. 



Expansion of Mage-3 A 1 -specific CTLp. Aliquots of 
PBMCs. frozen before the first and after the third and fifth 
vaccinations, were thawed at the same time (Table II) and 
subjected to a semiquantitative recall assay for CTLp (refer- 
ence 17' Fig. 4). Before vaccination. CTLp frequencies 
were low or undetectable. In 8/1 1 patients, we found a sig- 
nificant expansion of Mage-3Al-spedflc CTLp as Indicated 
by the increase (mean, eightfold; P < 0.008) of positive 
microcultures in the multiple mlcroculture procedure em- 
ployed for the semiquantitative assessment of CTLp (17). 
Interestingly, in six patients, the CTLp frequencies were 
maximal after the three intracutaneous vaccinations (P < 
0 0013) but then decreased after the two additional intrave- 
nous vaccinations in all but one of these patients (P<0.0Z6). 
Only in 1/1 1 patients did we observe an Increase of CIL* 
to an irrelevant PB1 Influenza peptide that served as a spec- 
ificity control (not shown) . 



EUSPOT Analysis For IFN-y-releasing, Mage-3Al-speafic 
T Cells. We also tried to detect Mage-3A 1 -specific CTL 
efTectors in uncultured fresh, norifrozen PBMCs by per- 
forming EUSPOT analyses at 14-d Intervals on all patients, 
A significant Increase of Mage-3 A 1 -reactive IFN-v spot- 
1 forming cells was apparent only in patients 07 and 09 after 
the first and second vaccinations, respectively, but the fre- 
quency of Mage-3Al-specific effectors was very high 
(~5 000 and 10.500/10 7 CD8 + T cells; not shown). 

DTH Test to Mage-3A1 Peptide-loaded DCs. Tests of DTH 
to Mage-3A1 peptide-loaded DCs yielded erythema and/or 
Induration (>5 mm diameter) in 7/1 1 patients (not shown). 
The results were, however, equivocal due to the frequently 
observed background to nonpulsed DCs (up to 10 mm In 
diameter) and the variability from test site to test site. 

Clinical Responses 

At the end of the trial, I.e., ~2 wk after the fifth vaccina- 
tion (Table II). we observed temporary growth cessation of 
some individual metastases, but more intriguingry. in 6/11 
patients, complete regression of individual metastases in 
skin, lymph nodes, lung, and liver (Table I and Fig. 5). 
Resolution of skin metastases was found in three patients 
(Table I, patients 06. 07, and 08) and In two of them (06 
and 07), it was preceded by local pain. Itching, and slight 
erythema. The six regressing skin lesions of patents 06 and 
07 (Table I) were also excised and examined by irnrnuno- 
hlstology. Clusters of CD8* T cells were seen around and 
in the tumor, the latter often necrotic, suggesting an Im- 
mune attack (Fig- 6). 

In patients 06 and 08. the metastases excised at study 
entry (four and two, respectively) proved to be Mage-3 
mRNA + . However, all of the samples removed at the end 
(two and six. respectively) were Mage-3 mRNA", suggest- 
ing immunoselection for antigen-negative tumor cells. Re- 
markably, significant infiltration of CD8 + T cells was not 
found in any of these lesions. 

Discussion 

In deciding on the source of DCs for this phase I trial, 
we selected mature, monocyte-derived DCs for the follow- 




Figure 3. Kinetic analysis of Immunity to recall antigens 
« assessed by TT-specific IFN-y EUSPOT (SEM for all 
measurements was <20%). Blood was drawn (see Table II. 
Study Design) before the first DC vaccination and then ev- 
ery 14 d just before administration of the next DC vacci- 
nation (e.g„ pre Vacc # 2 means immediately be&m vacci- 
nation 2. i.e., 14 d after vaccination 1), and finally after 
therapy. Time points at which vaccinations were not per- 
formed lack bars. Note the increase after the intracutane- 
ous vaccinations and the decline upon the two vaccina- 
tions after intravenous ones. Patient 10. who received 
tuberculin-pulsed DCs, exhibited no significant change In 
the TT-specific IFN -7 EUSPOT as expected. 
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Figure 4. Mage-3A1 CTLp frequency analysis as as- 
sessed fay semiquantitative recall assay. The y-axis and the 
numben above the bars indicate the percentage of positive 
weQs found before vaccination 1. before vaccination 4 (14 d 
after vaccination 3), and after therapy (usually 14 d after 
vacci n ation 5). 



tag reasons. Monocyte-derived DCs currently represent 
the most homogenous and potent DC populations with 
several defining criteria and quality controls (12, 13.21J. 
The method for generating production of these DCs Is 
very reproducible and allows the cryopreservation of large 
numbers of cells at an Identical stage of development (12. 
13) Furthermore, these DCs can be produced In the ab- 
sence of potentially hazardous FCS (12, 13, 21). FCS expo- 
sure also leads to large syngeneic T cell responses in cul- 
ture, so their clinical use (11) might produce nonspecific 
immurKKtimulatory effects. Unlike other investigators (9-11). 
we chose to use mature rather than immature DCs for our 
first melanoma triaL The DCs that have been used with ef- 
ficacy in animal experiments were primarily mature (3, 8). 
Mature DCs are much more potent in inducing CTL and 
Thl responses in vitro (reference 22 and Jonuleit, R. A. 
Gieseke, A, Kandemir, L. Paragnik, J. Knop, and A.H. 
Enk, manuscript in preparation), and the DCs are ^resis- 
tant to the immunosuppressive effects of IL-10 (23) that 
can be produced by tumors (24-26). Mature DCs also 
display an extended half-life of antigen- presenting MHC 
class I (26a) and class II molecules (27). Finally, mature 
DCs have a high migratory activity (21) and express CCR7 
(28). a receptor for chemokines produced constttutively in 



lymphoid tissues (28). Mature DCs, as used in this cancer 
therapy trial, have recently also been shown to rapidly gen- 
erate broad T cell Immunity in healthy subjects (28). 

Mature DCs were loaded with only one melanoma pep- 
tide, Mage-3A1, to avoid uncertainties regarding loading of 
DCs with multiple peptides (11) of varying affinity and off 
rate. Successful loading was verified with a Mage-3Al-spe- 
ciflc CTL clone and ELISPOT analysis (not shown). The 
Mage-3A1 peptide (15) was selected for several reasons. It is 
essentially tumor specific (2) and expressed in tumors other 
than melanoma (2), and the Mage-3A1 epitope is likely a re- 
jection antigen (14). Moreover, the Mage-3A1 CTLp fre- 
quency Is exceedingly low in noncancer patients (reference 
18; 0.4-3 per 10 7 CD8+ T cells) as well as in cancer patients, 
even after peptide vaccination (14). Thus, any induction or 
boost of Mage-3A1 CD8 + T cell responses would indicate a 
significant superiority in the adjuvant capacities of DCs. 

DTH assays with peptide-pulsed DCs were carried out 
as described by Nestle et al. (11) to detect Mage -3 A 1 im- 
munity (not shown). However, we did not detect un- 
equivocal DTH. This was due to the frequently observed 
background to nonpulsed DCs (possibly due to cytokine 
production by DCs) and the noteworthy variability from 
test site to test site. As Mage-3A1 -specific T cells are CD8 + 




Figure 5. Regression (arrows) of a globular (13 
mm In diameter) lung metastasis in patient 07 that 
was then no longer detectable in serial 6-rnrn-thtck 
computed tomography scans. 
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T cells and DTH assays typically detect primed CD4+ T 
cells, we suspect that DTH to MHC class I peptide-puised 
DCs may also for this reason prove not to be a sensitive or 
reliable way to monitor specific CD8 + T cell-mediated Im- 
munity. 

In contrast, we found sizable expansions of Mage-3A1- 
speciflc CTL precursors in PBMCs from a majority (8/11) 
of patients (P < 0.008; Fig. 4). This is an important proof 
of the principle of DC-based Immunization, and It is also 
significant from the point of view that tumors can induce 
tolerance or anergy. It is very promising that CTLp expan- 
sions can be induced in for advanced and heavily pretreated 
stage IV melanoma patients. However, active Mage-3A1- 
spedflc effectors were generally not observed in ELISPOT 
assays, except for in two patients with high frequencies 
(>5,000/10 7 CD8 + T cells). Perhaps active CD8 + effectors 
were rapidly sequestered in the numerous metastases, as 
suggested by the biopsy studies illustrated in Fig. 6. An al- 
ternative explanation is that looking for effectors in periph- 
eral blood 14 d after a preceding vaccination might simply 
be too late. 

Interestingly, in six patients. CTLp had increased to their 
highest levels after the three intracutaneous vaccinations 
(P < 0.0013) and then decreased (P < 0.026) with subse- 
quent intravenous immunizations (Fig. 4). The decrease in 
CTLp might be due to emigration of activated Mage-3- 
reactlve CTLs into tissues, tolerance induction, or clonal 
exhaustion via the intravenous route. We also observed de- 
creased responses to recall antigens in the five patients that 
we studied before and after intravenous vaccination (Fig. 3). 
The effect of the intravenous route requires additional 
study, as it may be counterproductive. In contrast, our re- 
sults clearly demonstrate that the intracutaneous route b ef- 
fective, so that the less practical intranodal injection propa- 
gated by other investigators (11) does not seem essential. It 
will, however, be necessary to compare subcutaneous and 
intradermal routes to find out if one is superior. 



We found regression of individual metastases In 6/1 1 pa- 
tients when patients were staged 14 d after the fifth vacci- 
nation (Table I). This percentage of responses was unex- 
pected in far advanced stage IV melanoma patients who 
were all progressive despite standard chemotherapy and 
even chemoimmunotherapy. In the study by Nestle et al. 
(11), chemotherapy was only given to 4/16 melanoma pa- 
tients, and objective tumor responses were observed in 
5/16. Therefore, we attribute the regressions to DC-medi- 
ated induction of Mage-3A1 -specific CTLs. This interpre- 
tation is supported by the heavy infiltration with CD8 + T 
cells of regressing but not nonregressing (skin) metastases. 
The observation that all of the metastases in patients 06 and 
08 that were excised at the end of the study were Mage- 3 
mRNA" (whereas those removed at the onset were uni- 
formly positive) suggests Immune escape of and selection 
for Mage-3 antigen-negative tumors. Immune escape 
might also have been responsible for the lack of tumor re- 
sponse in those nonresponders that had mounted a Mage- 
3Al-spedfic CTL response. 

After the end of the trial, surviving patients received fur- 
ther vaccinations with DCs and several tumor peptides 
(Mage-1 , tyrosinase, and Mage-3) that were no longer part 
of the protocol. It is encouraging that 5/11 patients are still 
alive (Table I) 9-17 mo after study entry, as the expected 
median survival in patients progressive after chemo(im- 
muno)therapy is only 4 mo (29, 30). One of the initial re- 
spondent (patient 06) has recently experienced a complete 
response and has now been disease free for 2 mo. It is inter- 
esting that Marchand et al. (14) have also observed mat re- 
gressions, once they have started, proceed slowly and may 
take months to complete. 

In conclusion, the use of a defined DC vaccine com- 
bined with detailed immunomonitoring provides proof that 
vaccination with mature DCs expands tumor-specific T 
cells in advanced melanoma patients. In addition, we have 
found some evidence for the direct interaction between 
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CD8 + CTLs and tumor cells as well as for escape of antigen- 
negative metastases. We are convinced that DC-mediated 
immunization can be intensified further to reveal the pres- 
ence of expanded populations of effector cells. Efficacy might 
be increased at the level of the DC, e.g.. by optimizing 



variables such as DC maturatlonal state, route, dose, and 
schedule or by improving the short life span of DCs In vivo 
(31 32); at the level of the T cell, e.g., by providing mela- 
noma-specific CD4 + T cell help (33. 34) or H-2 (35); and 
by treating patients earlier in their disease course. 
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